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INTRODUCTION 
The bleaching process in the pulp and textile industries occurs by 
selective destruction of the colored substances as opposed to the fiber 
material. This is accomplished using chlorine >fater or other suitable 
oxidants. The breakdown of cellulose can be prevented using chlorine 
bleach, however, the oxidation of hydroxyl and formyl groups cannot be 
prevented. This condition, whereby cellulose is not degraded, does not 
exist under conditions where hypochlorite ion is present under the usual 
bleaching conditions. The actual mechanism of this process is still 
obscure. As a matter of fact chlorine water oxidations in general are 
not very well understood. Because of this, an investigation into the 
chlorine water oxidation of glucose was undertaken and kinetic studies 
were made by Lichtin and Saxe(l). Glucose was chosen as a substrate 
mainly because it is the simplest molecule which retains a resemblence to 
cellulose. The investigation was carried out at 35.7°C in the region of 
pH 2 with excess reductant. Some interesting results were obtained 
which pointed out the stoichiometry of the reaction, reaction rates and 
most active oxidant. A mechanism was postulated based on these results. 
This investigation has been continued along the same lines. The 
chlorine water oxidation of d-glucose has been extended to include oxid-
ations at pH 4.6 and 6.5. In addition to the study of d-glucose at the 
three hydrogen ion concentrations, other substrates were also investigated. 
(1) N. N. Lichtin and M. H. Saxe, J. Am. Chern. Soc., 77, 1875 (1955) 
ii 
These substrates included glucono-<\-lactone, because it is believed to 
be the primary reaction product of d-glucose oxidation; methyl-;6, 
isobutyl ;A, isopropyl(", and tertiary butylr -D-glucosides because 
these substrates provide a structural change near the reaction site of 
d-glucose oxidation at low pH; methyl-LX -D-glucoside rras also investi-
gated with the hope of learning something about the relative reactivities 
of the methyl? and methyl-o( -D-glucosides. 
iii 
LITERATUREt 
The first oxidation of a sugar by a halogen was carried out in 1861 
by masiwetz{l) when he treated an aqueous solution of lactose with an 
excess of bromine at 100° in a sealed tube. An acidic syrup was obtained, 
and only the anunonium salt could be prepared in crystalline form. 
( 2) 
Hlasiwetz and Habermann used chlorine as an oxidant and found 
that d-glucose was converted to d-gluconic acid which was isolated as 
the barium and calcium salts. 
The overoxidation of aldoses with bromine has been studied by Hart 
and Everett( 3). They found that 5-ketogluconic acid was produced. There 
are many conflicting reports in the literature on the product formed from 
the oxidation of d-gluconic acid. Honig and Tempus(4 ) state that 2-keto-
gluconic acid and then d-arabonic acid are formed in the oxidation of d-
glucose by barium hypobromite in alkaline solution. However, Reichstein 
and Neracher(5) reported that the oxidation of d-gluconic acid by hypo-· 
bromite gave 5-ketogluconic acid and not 2-ketogluconic acid. Traces of 
the latter were fouhd but the primary product was a compound possessing a 
5-keto group. Ruzicka( 6) has added to the lack of consistent results by 
stating that no 2- or 5-ketogluconic acid is formed because the phenyl-
hydrazone of the keto acid hydrazide could not be prepared. 
(1} H. 
(2) H. 
(3)'; J. 
(4) N. (5} T. 
(6) w. 
Hlasiwetz·, Ann., 119, 281 (1861) 
Hlasiwetz and J. Habermann, Ann., J:.22, 120 (1870) 
P. Hart and M. R. Everett, J. Am. Chern. Soc., 61, 1822 (1939) 
Honig and F. Tempus, Ber., 21J 787 (1924) 
Reichstein and 0. Neracher, Helv. Chim. Acta., 18, 892 (1935) 
Ruzicka, z. Zuckerind, Ceches1ova.k. Rep., §k, 219 (1941) 
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More recently Shilov and Yasnikov(l) have reported that at pH 7, 
hypochlorous acid oxidizes d-gluconic acid to 2-keto gluconic acid. They 
obtained a melting point for a phenylhydrazine derivative of 2-ketogluconic 
acid and compared it with a value reported by Ohle and Behrend('2). 
Isbell and Hudson(3) have found that the oxidation of buffered glu-
cose solutions by bromine in slightly acid soluta.on results :in the for-
mation of gluconic- d -lactone. This was done by noting that the optical 
rotation rises to a point which corresponds approximately with the rotation 
of gluconic- J' -lactone. The rotation then decreases to a minimum value 
at a rate correspondmg to the hydrolysis of the delta lactone; the rotation 
then slowly increases to a point corresponding to the equilibrium rotation 
of gluconic acid. These changes are in agreement with the hypothesis 
that the lactone is the entity formed from brom:ine oxidata.on of glucose, 
and it is the pyranose form of glucose which is oxidized directly to the 
1, 5 gluconic lactone. This theory is supported by the work of Isbell (4) 
in which the quantity of free sugar acids produced by the oxidation with 
bromine water was determined. This was accomplished by utilizing barium 
carbonate which converts free Slgar acids into their barium salts but 
leaves their lactones unaltered. The results indicate that sugar acids are 
not produced in tile oxidation of aldose sugars by bromine water in the pre-
sence of barium carbonate. The products produced are neutral substances 
which on standing develop acidity. These results apply to both anomers 
of the aldose sugar. 
(1) E. A. Shilov and A. A. Yasnikov, Ukrain. Khim. Zhur., 18, 595 (1952) 
(2) H. Ohle and G. Behrend, Ber., ~, 11.59 (1927) 
(3) H. s. Isbell and c. S. Hudson, Bur. Standards J. Research,~, 327 (1932) 
(4) H. S. Isbell, ibid, ~, 615 (1932) 
A comparison between the rates at which the alpha and beta forms of 
(1) d-glucose are oxidized has been made by Isbell and Pigman • They have 
found that~ -d-glucose is oxidized by bromine water in the presence of 
barium carbonate 35 times as fast as o(-d-glucose. This has been sub-
stantiated by Reeve(2); who found that at pH 9.8 ~-d-glucose is oxidized 
by hypoiodous acid, under certain conditions, at least 25 times as fast as 
its o<-isomer .. 
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The chlorine water oxidation products of methyl-o{-D-glucoside, methyl-
~ -D-glucoside, and gluconic acid have been investigated by.Dyfverman, 
Lindberg, and Wood(3) by means of paper chromatography. This was accomplished 
by treating a 0.5 molar solution of rnethyl~-D-glucoside protected from 
direct light with a saturated solution of chlorine at room temperature for 
14 days. The solution was kept saturated by passing gaseous chlorine in 
at a sufficient rate. Paper chromatographic analysis showed five distinct 
spots. Four of these were as.cribed to gluconic acid, a lactone of gluconic 
acid, 5-keto gluconic acid, and a lactone of 5-ketogluconic acid. The 
fifth spot was not identified but was stated to be present in small quant-
ities. There was no indication of the presence of glucuronic acid, sac-
charic acid, glucose, and arabinose. 
Similar experiments were carried out with a solution which had been 
chlorinated for 40 days. Gluconic acid and 5-keto gluconic acid were 
identified from the reaction mixture. The proportion of 5-keto gluconic 
(1) H. s. Isbell and W. Pigman, Bur. Standards J. Research, 10, 337 (1933) 
(2}' K. D. Reeve, J. Chern. Soc., 172, (1951) 
(3) A .. Dyfverman, B. Lindberg, and D. Wood, Acta Chern. Scand., 2_, 253 (1951) 
acid to gluconic acid was higher in this case indicating that gluconic 
acid is the first formed product. The formation of the keto acid was 
confirmed by isolation of the barium salt and subsequent conversion to 
the brucine salt. 
Chlorination of gluconic acid for fourteen days under conditions 
similar to those employed with the methyl glucoside produced virtually 
the same chromatograms. Oxidation of methyl-v(-D-glucoside under the 
same conditions as was employed for the .~ -isomer revealed the presence 
of gluconic acid and 66 percent of methyl- ~~D-glucoside unchanged after 
32 days of chlorination. It was claimed that oxidation did not take place 
on glucose which may be formed by hydrolysis of methyl-;£ -D-glucoside: 
a 0.5 molar glucoside solution in two normal hydrochloric acid maintained 
at room temperature for 23 days scarcely changed in optical rotation; 
95 percent of the starting material was recovered unchanged. 
N. N. Lichtin and M. H. Saxe have recently carried out a kinetic 
study of the chlorine water oxidation of excess glucose at approximately 
If! 2. Their work has confirmed the results of other investigators that 
the order in glucose, as well as oxidant, is one; they have noted and 
explained the variation of rate with initial oxidant concentration as 
being a result of the chlorine hydrolysis equilibrium; they have shown 
that the salt effect is negligible. In addition, they have proven the 
presence of generalized base catalysis, and established that the 
principal effective oxidant at this PI is molecular chlorine. Their 
data can be accomodated by the mechanism they postulated. 
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B:: and N:: represent any base, including water, or for the glucosides Nt 
represents any nucleophilic reagent. R is either hydrogen or an alkyl 
group. 
Friedberg and Kaplan(l) have recently prepared D-glucose-1-t 
which was crystallized as the o( • and p -anomers. Partial oxidation 
of either of these anomers with bromine in a solution buffered with 
barium carbonate led to the recovery of unreacted glucose enriched in 
tritium. The isotopic rate ratio, kHjk t, for / ·glucose is close to 
four at o•c; the value for the c{-anomer is about five. Therefore, it 
was concluded by these authors that the rate-determining step involves 
rupture of a C-H and not an 0-H bond. 
(1) F. Friedberg and L. Kaplan, Abstracts of Papers, 13lst Meeting of 
the American Chemical Society, April 1957, page 86-o 
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Most recently a study of the chlorine water oxidation of methyl~ 
-D-glucoside with aqueous chlorine at pH 4.5 has been made(l). The major 
ix 
(I) (II) (III) products which were found are D-glucose , D~rabinose , oxalic acid , 
and carbon dioxide. In addition, minor products that were probably present 
are 2-keto-D-gluconic acid(IV) and 2,5-diketo-D-gluconic acid(V). The 
oxidation of glucose, gluconic .acid(VI), 2-keto-D-gluconic and 5-keto-D-
gluconic(VII) acids did not produce the quantity of D-arabinose found in 
the oxidation of methyl;6 -D-glucopyranoside. A conclusion based on this 
information is that D-arabinose is not obtained largely from the oxidation 
of glucono-~-lactone, which all evidence indicates is the first formed 
product of both glucose and glucoside oxidations at high hydrogen ion 
concentrations. 
(2) 
Whistler and Kazeniac have studied the action of alkaline hypo-
(VIII) 
chlorite on 4-0-methyl-D-glucopyranosides • They have isolated a 
large quantity of glyoxal(IX) as the 2,4-dinitrophenylosazone; however, they 
also obtained a glyoxal derivative when they treated 2-carboxyglycolaldehyde(X) 
under acidic conditions with 2,4-dinitrophenylhydrazine. Thus, the 2-carboxy-
glycolaldehyde represents a product derived from oxidation of the 4-0~ethyl-
D-glucopyranosides at carbon atom 3. 
A subsequent paper by Whistler, Linke and Kazeniac( 3), in which the 
same reaction is studied using 10 equivalents of sodium hypochlorite per 
mole of sugar at pH 9 and 25°C, indicates that apparently the disodium salt 
(1) 
(2) 
(3) 
J. T. Henderson, J. Am. Chem. Soc., ~ 5304 (1957) 
R. L. Whistler and S. J. Kazeniac, J. Org. Chern., 21, 468 (1956) 
R. L. Whistler, E. G. Linke and s. Kazeniac, J. Am:-Chem. Soc., 78, 
4704 (1956) --
X 
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of 2-0-methyl-3-0-(glyoxylic acid methyl acetal)-D-erythronic acid(XI) is 
prepared in 30% yield and identified by isolation of glyoxylic acid(XII). 
Isolation of the glyoxylic acid directly in yields of 43-41% is also 
obtained. Glyoxal can also be isolated from the reaction products. This 
information indicates that under these conditions the oxidation is by no 
means random. The preference for oxidation attack is a glycol cleavage 
between C2 and C3. 
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The most comprehensive investigation of the kinetics of the oxidation 
of d-glucose with aqueous chlorine over a wide range of pH has been carried 
out by Shilov and Yasnikov~l). They found that in the very acid and in 
the alkaline region the reaction speeds up. The rate of oxidation of 
d-glucose reached a definite limit at a concentration of 0.1 molar added 
hydrogen chloride. On further addition of hydrogen chloride the rate is 
not changed, whereas an increase in the concentration of glucose increases 
the rate proportionately. The rate is slowest at a pH which corresponds 
to the oxidant being present as hypochlorous acid. From pH 7 to 9 the rate 
constant remains constant even though hypochlorous acid is converted to 
hypochlorite ion with increasing pH. 
Theander( 2 ) has examined the products formed on oxidation of methyl-
;4 -D-glucopyranoside at different hydrogen ion concentrations. The 
principal neutral reaction products, obtained in .maximum yield at pH 4, 
(II) (I) (XIII) 
were D-arabinose , D-glucose and the 2-oxo- , 3-oxo- and 6-oxo-
derivatives of methyl-~ -D-glucopyranoside plus a small amount of glucosone 
(XIV). The acid products identified were: gluconic(VI), glyoxylic(XIO and 
ythr . . d ( xvY er o~c ac~ s • 
( 1) 
( 2) 
E. A. Shilov and A. A. Yasnikov,tlkrain. Khim. Zhur~ 18, 595 (1952) 
a. 0. Theander, Svensk. Papperstidni 61, . 581 (1958J 
b. 0. Theander, Svensk Kem. Tid., ]1,-r (1959) 
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(1) Sawyer and Bagger have studied the hydrolysis rate for glucono-
b-lactone at various solution conditions. The hydrolysis reaction is 
first order in lactone concentration and independent of pH from pH 3 
to pH 5. In this study the specific optical rotations at 25° for 
glucono- J~lactone, gluconic acid and sodium gluconate were redetermined. 
The values are, respectively +66.0, +5.40 and +12.0°. The equilibrium 
constants for several lactone-acid-salt equilibria were determined 
at 25°. These values are recorded below. 
K = ion) = 1.76 ± 0.05 X 10-4 + (lactone 
~ = ~H+~ ~~luconate ion~ (gluconic acid) = 1.99 ± 0.07 X 10-4 
~ = ~~luconic acid) (lactone) = 7-7 
(1) D. T. Sawyer and J. B. Bagger, J. Am. Chern. Soc., 81, 5302 (1959) 
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EXPERIMENTAL 
PREPARATION OF NETHYL-BETA-GLUCOSIDE 
The methyl-beta-glucoside used in the kinetic experiments was obtained 
from two sources. One source was the direct preparation from dextrose and 
the other from the commercially available beta glucose · ·pentaa.cetate. 
The direct preparation from dextrose involved the reaction of metha.n-
olio hydrogen chloride with dextrose and the separation of the two 
. (1) 
~somers • 
0. :H2.0t-l O OH Oli H 011 H 
H oo 
HC\ 
H 
Anhydrous methyl alcohol (Baker' s .Analyzed) wa.s dried over calcium 
hydride (Metal Hydrides) for one day at room temperature. The methyl 
alcohol was then distilled from the calcium hydride at atmospheric 
pressure and the fraction boiling at 64° collected. To 631 ml. of 
anhydrous m3thanol was added anhydrous hydrogen chloride until the 
resulting solution contained three weight '{o hydrogen chloride. The 
hydrogen chloride was produced as described by Fieser( 2). The hydrogen 
chloride concentration was determined by titration of aliquots with 
standard base using phenolphthalein as indicator. 
(1) A. L. Raymond and E. F. Schroeder, J • .Am. Chern. Soc., 19., 2785 (1948) 
( 2) L. F. Fieser, Experiments in Organic Chemistry, Part II, 2nd edition, 
D. C. Heath and Co., 1941, Pages 393-395. 
2 
3 
To the refluxing solution (the reflux condenser was protected by a 
drying tube) of three percent methanolic hydrogen chloride which was con-
tained in a tw-liter standard taper rounq bottom flask was added 250 grams (l.4 zn::i1eE 
of anhydrous dextrose (Merck anhydrous reagent dried for one hour at 110e~). 
This solution was .shaken and refluxed on a steam bath for one hour during 
-vJhich time most of the dextrose dis solved except approximately ten grams of 
charred sugar which remained as a solid mass. The solution was decarrted 
from the solid residue, cooled to room temperature and seeded with rnethyl-
r) -D-glucoside. After twenty hours of cooling in an ice box the methyl- ?>( 
-D-glucoside was filtered and recrystallized from 95 percent ethanol. 
The filtrate was neutralized by the addition of 40 grams of oodium 
bicarbonate. The solid salts were filtered and the filtrate evaporated 
to a cloudy syrup under reduced pressure. The syrup was dissolved in 
250 ml. of hot absolute ethanol and treated with a hot solution of 100 
grams of potassium acetate in 500 ml. of absolute ethanol. The resulting 
solution was left overnight in arefrigerator. The methyl~ -D-glucoside­
potassium acetate complex was filtered and washed, first with 150 ml. of 
absolute ethanol and then with 150 ml. of acetone. This product was 
dried at l00°C under reduced pressure for one hour. The yield of product 
was 61.3 grams (0.21 mole) or 15.1 percent. 
The Irethyl} -D-glucoside-potassium acetate complex was treated 
with 300 ml. of methanol an:l heated to boiling. A solution of 55 grams 
of D-tartaric acid (0.367 mole) in 300 ml. of 95 percent ethanol was 
added. The resulting mixture was left untouched for one hour after which 
time the potassium acid tartrate was collected on filtering througp celite. 
The filtrate was evaporated under reduced pressure to a volume of approxi-
mately ll.5 ml. This syrup was seeded with lll3thyl~ -D-glucoside and placed 
I 
in a refrigerator overnight . The methyl~ -D-glucoside was filtered and 
dried. The yield of product was 13.6 grams (0.07 mole) or five percent 
overall yield. 
The preparation of alkylj6 -D-glucoside from beta glucose penta-
acetate is accomplished in three steps. The first step in the preparation 
is the reaction of beta-D-glucose pentaacetate with hydrogen bromide in 
glacial acetic acid to form tetraacetyl- ?\' -D-glucopyranosyl bromide 
(acetobromoglucose) (1) • 
CHl.OAc Cl·hDAc 
0 
30% HB-< 
,\aci~l \-\01\.: 
H 
H 0~.: H OAc. 
Acetobromoglucose is reacted with excess alcohol in the presence 
of mercuric acetate to yield alkyl~-D-glucoside tetraacetate ( 2). 
CH1. 01\: 
.J-----o 
ROH 
lkO 
H Of\c. H 
(1) c. G. Jeremias, G. B. Lucas and c. A. Mackenzie, J. Am. Chern. Soc., 
70, 2.598 (1949) 
(2) B. Lindberg, Acta Chim. Scand., J., 1.51 (1949) 
The alkyl-j-D-glucoside tetraacetate is transesterified in methanol 
in the presenc~ of catalytic amounts of sodium metho:xide(l). 
ClizOA., CI'I~OH 
0 
OP. Na OCH3 > + CH3 0Ac 
A cO CH cPH 
H OH 
PREP .ARATION OF ALKYL;&' -GLUCOS]])ES BY THE KOENIGS-KNORR PROCEIITRE 
I. PREPARATION OF ACE'IDBROMOGLUCOSE( 2) 
Two hundred grams (0.513 mole) of beta glucose pentaacetate (Eastman 
Kodak White Label) was placed in a three-necked one-liter round bottom 
flask equipped with a stirrer and calcium chloride drying tube_. To this 
was added two hundred milliliters of 30-32 percent hydrogen bromide 
(0. 75-0.80 mole) [Matheso~ in glacial acetic acid (Baker1 s Analyzed). 
The mixture was stirred for two hours at room temperature. It was then 
slowly poured into ice water with vigorous stirring. The precipitated 
acetobromoglucose was filtered and while still wet dissolved in five 
hundred milliters of carbon tetrachloride. The a::J_ueous layer was separated 
and discarded. The carbon tetrachloride solution was washed once with 
cold water, three times with cold saturated sodium bicarbonate solution, 
and finally twice more with cold water, using approximately fifty ml. of 
wash solution each time. 
(1) G. Zemplen and E. Pascu, Ber., 62, 1613 (1929) 
(2) c. G. Jeremias, G. B. Lucas and-c. A. Mackenzie, J. Am. Chern. Soc., 
]2, 2598 {1948) 
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The carbon tetrachloride solution was dried over calcium chloride 
and then slowly poured into t"WO liters of petroleum ether (boiling range 
J0°-60°C) with stirring. .After cooling in an ice salt bath, the aceto-
bromoglucose was filtered. The white product was placed over phosphorous 
pentoxide in a vacuum desiccator and the last traces of solvent removed 
in vacuo. The yield was 77-80 percent (161-167 grams) melting at 88-89°C. 
II. PREPARATION OF ALKYL BETA GLUCOSIDE TETRAACETATE(l) 
Dry acetobromoglucose (8.22 grams, 0.020 mole) was dissolved in 40 ml. 
of anhydrous benzene and 16 ml. of the desired alcohol was added. The 
alcohol was dried by distilling £rom calcium hydride. To this solution 
was added 3.03 grams of mercuric acetate (.095 mole). The solution was 
warmed and shaken until all components had dissolved am then reflu:x:ed 
for :fifteen minutes. .All volatile substances were then removed in vacuo 
to yield either a crystalline mass or a thick syrup, which was recrystal-
lized twice from 1:1 ethanol-water. 
The average yield of methyl? -D-glucoside tetraacetate melting at 
102-104°C was 65 percent. 
The average yield of isopropyl~-D-glucoside tetraacetate melting 
at l32-134°C was 60 percent. 
The preparation of the tertiary butyl and isobutyl isomers di££ered 
very little from the procedure above. Forty milliliters of the desired 
anhydrous alcohol was used in place o£ the 40 ml. of anhydrous benzene 
bringing the total quantity of alcohol used up to 56 ml. 
(1) B. Lindberg, Acta Chim. Scand., ,.2, 151 (1949) 
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The average yield of tertiary butyl~ -D-glucoside tetraacetate 
melting at 141-143°'0 was 47 percent, ani the average yield of isobutyl-
;9 -D-glueoside tetraacetate melting at ll7-121°C was 30 percent. 
All yields are after two recrystallizations from 1:1 water-ethanol. 
METHANOLYSIS OF THE ALKYL BET! GLUCOSIDE TETBAACETATE~l) 
Twenty-five grams of the appropriate tetraacetate was dissolved in 
100 ml. of absolute methanol ( 2), freshly distilled from magnesium math-
oxide, in a 250 ml. standard taper round bottom flask. The flask was 
equipped with a reflux condenser and protected from moisture with a 
IIDrierite" drying tube. This mixture was refluxed for fifteen minutes 
after the addition of a few drops of freshly prepared sodium methoxide in 
7 
methanol. To test for completeness of reaction, a few drops of the solution 
was removed and added to ten milliliters of cold water. The absence of a 
white precipitate after mixing indicated that the transesterification 
reaction had taken place. The refluxing mixture was cooled, the solvents 
rerooved in vacuo, and the resulting residue recrystallized twice from 
ethyl acetate. 
The physical constants of the glucosides are recorded in Table 1. 
Yields obtained from the transesterification reaction as well as 
carbon and hydrogen analyses of the products follow. All yields reported 
are after two recrystallizations from ethyl acetate. 
The methanolysis of methyl-;8 ..;D-glucoside tetraacetate according to the 
described conditions afforded ~rethyl;& -D-g1ucoside in an average yield of 
70 percent. The products obtained from both methods of preparation were 
(1) B. Lindberg, Acta. Chim. Scand., J, 151 (1949) 
(2) N. Lund and J. Bjerrum, Ber., §, 210 (1931) 
combined and recrystallized from 95 percent ethanol. 
Anal. Calcd. for C7 H1406 •l/2 H2 0 
Found~ c, 41.4; H, 7.4. 
C, 41.6;. H, 7.5 
The methanolysis of isobutyl~ -D-glucoside tetraacetate afforded 
isobutyl-p -D-glucoside in 65 percent yield. 
Anal. Calcd. for C10H2006 : G, 50.8; H, 8.5. 
Found: C, 51.0; H, 8.3. 
The methanolysis of isopropyl-;9 -D-glucoside tetraacetate afforded 
isopropyl-~ -D-glucoside in an average yield of 75 percent. 
0 1 48.6; H, 8.1. 
Found: c, 48.4; H, 8.2. 
The methanolysis of tertiary butyl;6' -D-glucoside tetraacetate 
afforded tertiary butyl~ -D-glucoside in an average yield of 50 percent~ 
Anal. Calcd. for C1oH2o0s: C, 50.8; H, 8.5. 
Found: c, 50.8; H, 8.7. 
The methyl-q -D-glucoside which was a gift sample from Corn Products 
-Refining Company was analyzed and used "Without prior recrystallization. 
C, 43.3; H, 1.3. 
Found: c, 43.4; H, 7.4. 
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The analyses were carried out by Dr. K. Ritter .Analytical Laboratories, 
Basel, Switzerland. 
Table 1 
Physical Constants for the Carbohydrates Studied 
Uncorrected 
[~(a) [1 (a)· 
D 
Substrate Obs. M.P. Lit. pH 2.1 pH 4.6 
Glucose 146(g) +52.8 +53.5 
Glucono- J -lactone 
(equilibrated value) (See p. g4) +1.5.1 +14.8 
Methyl- o\-D-glucoside 165-167.5° 165-166(g) +159 +159 
Methyl? -D-g.lucoside 110.6-lll.8° 108-llO(b) 
104-l06(c) 
-32.3 -32.3 
Isobuty1-~-D-glucoside 110-lll0 112-11.3(f) 
-.39 
-41 
Isopropyl~ -~-glucoside 128-129° (b) -Ll 128-129 ' -41 
128.5-129 ~.5( e) 
Tert. butyly9 -D-glucoside 16,3-164.0 164-166(f) 
-21 -22 
Measured over a period of hours (see pages 20-24 for concentrations) · 
S. Veibel and F. Eriksen, Bull. soc. chim., 2, j, 277 (1936) 
A. L. Raymond and E. F. Schroeder, J. Am. Chem. Soc., 1Q1 2785 (1948) 
J. H. Ferguson, ibid., .2!J:, 4086 (19.32) 
L. c. Kreider and E. Frieser, ibid., §, 1482 (1942) 
S. Veibel and H. Lillelund, Bull. so c . ch:Un., 5, 2, 494 (19.38) 
Lo0D(a) [~1(a) [~ 
- D 
pH 6.5 HC104 Literature 
+;,'1.5 
-
+52.5(h ) 
+14.4 +26.8 + 6.2(i) 
+158 +158 +159(h) 
-34.2(d) 
-32.5 -33.1 -32.5(b) 
-32 (c) 
-41 
-
-39.9(f) 
-42 (b) 
- -40.9(e) 
-.37.6 
-22.4 
-
-19.0(f) 
(a) 
(b) 
(c) 
(d) 
(e ) 
(f) 
(g) 
(h) 
(i) 
Richter, Lexicon der Kohlenstoff-Verbtndungen, Leopold Vess, Leipzig, Vol. I., pp. ,366, 589, 1910 
L. F. Fieser and M. Fieser, Organic eJhemistry, second edition, D. c. Heath and Co., Boston, Mass., 
1950, p • .375. 
Heilbron, Dictionary of Organic Compounds, Oxford Universi~y Press, New York, 195.3, Vol. II, p. 598. 
'.() 
BUFFER SOLUTIONS: THEIR PREPARATION l!ND COMPOSITIONS 
The bu.ff'ers used in this investigation were prepared f'rom commer-
cially available reagents without further purif'ication. In most instanc.es 
the concentrations of' reagents were not analytically determined, instead, 
the concentrations -.;-rere calculated f'rom the amounts of' reagents taken. 
Three dif'f'erent types of' bu.ff'er systems were employed in this 
research: the phosphoric acid/sodium dihydrogen phosphate system; acetic 
acid/sodium acetate system; and sodium dihydrogen phosphate/sodium mono-
hydrogen phosphate system. Most of' these systems were prepared to yield 
solutions of' a total ionic strength of' 3~82 moles/liter. 
Table 2 lists all of' the buf'fers used in this investigation together 
with their compositions. They were all prepared in an identical manner, 
i.e., the appropriate amounts of' acidic and basic bu.ff'er components were 
placed in a volumetric f'lask along with the appropriate amounts of' sodium 
chloride and in some cases sodium perchlorate. These were dissolved and 
the solution was diluted to the mark. After f'iltering, the solutions 
were ready to be used in kinetic experiments. 
lO 
The compositions of' the buf'f'er solutions symbG:llized as STD and D in 
Table 2 were checked by potentiometric titration using the pH meter and 
glass electrode. Five milliliters of' solution was measured out with a 
volumetric pipette. This was titrated against a sodium hydroxide solution 
which had been previously standardized by titration against weighed samples 
of' 99.98% sulf'amic acid (The Standard Samples Co., Ames, Iowa)~ 
Results of' the analysis of' standard phosphate buf'f'er (STD) follow: 
5.00 ml. of' standard bu.ff'er :::C= 7.55 ml.of 0.3985N sodium hydroxide 
(first end point) 
7.55 X 0.398_5 
5.00 = 0.602M phosphoric acid 
5.00 ml. of standard bu.ffer:::8:= 23.25 ml. cf 0.3985N sodium hydroxide 
(second end point) 
23.25 x 0.3985 = 9.265 M. E. of sodium hydroxide 
9.265 M. E. of sodium hydroxide = 9.265 M. E. of "first" and ttsecondtt 
hydrogens 
9.265 - 2 x M. E. H3P04 • M. E. NaH2P04 
9.265 - 2(3.009) = 3.247 M. E. NaH2 P04 /5.00 ml. 
Results of the analysis of buffer D follow: 
10.00 ml. of buffer D .::::C=5.82 ml. of l.02N scdium hydroxide (first 
end point) 
2•82 x 1 •02 • 0.594 molar in H3 P04 10.00 
10.00 ml. of buffer D~38.70 ml. of sodium hydroxide (second end 
point) 
By calculations analogous to the preceding buffer, the ooncentration 
of sodium dihydrogen phosphate is 2.76 molar. 
Reagents: Phosphoric acid (Merck reagent grade - 85%)~ 
Sodi1JI11 dihydrogen phosphate monohydrate (Mallinckrodt Analytical. 
Reagent). 
Sodium monohydrogen phosphate heptahydrate (Mal.linckrodt Analytical 
Reagent). 
Acetic acid (Dupont's glacial c. P.). 
Sodium acetate (Baker' s anhydrous dried for one hour at 105-ll0°' and 
stored in a desiccator over calcium chloride). 
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Table 2 
Buffer Solutions 
Amount of Total 
Sym- AmolUlt Base Volume (Acid) (Base) NaC1 NaC104 (NaCl) (NaC10ii 
Buffer System bo1 of Acid g. ml. mo1es/l. moles/1. g. g. mo1es/l. moles • 
H3P04 /NaH2P04 Ji., 34.5 ml. 208.!~ 500 1.0 3.02 0.33 23.3 .. o.ao -H3P04 ,/NaH2P04 B 34.5 ml. 208.4 500 1.0 3.02 0.33 5.84 36.73 0.20 o.6o 
H3P04 /NaH2P04 c 6.9 ml. 208.4 500 o.z 3.02 0.067 23.3 - o.8o 
H3P04 /NaH2P04 n: u ml. U4 1000 o.,594 2.76 0.215 - - - -
HJ>04 /NaH2P04 STD 243 ml. 520 6000 o.603 o.651 0.,927 
H3P04 /NaH2P04 X 15.2 ml;. 30.6 100 2.2 2.2 1.0 9~35 - 1.6 .. 
HOAc,/NaOAc E 115 ml. 164.1 2000 1.0 1.0 1.0 
HOAc/NaOAc F 63.8 ml~ 91.1 500 2.2 2.22 1.0 46.7 
-
1.60 
-HOAc/NaOAc G 63.8 ml. 91.1 500 2.2 2.22 1.0 14.6 67.4 o.5o 1.10 
HOAc/NaOAc H 64 ml. 91.1 500 2.2 2,22 1.0 3.65 90.6 0.12'5 1.48 
HOAc/NaOAc I 40.5 ml. 57.4 500 1.4 1,40 1.0 70.7 
-
2,42 
-HOAc/NaOAc J 7.0 ml. 10.01 100 1.22 1.22 1.0 9.35 12.24 1.60 1.00 
NaH2P04 ,/Na2 HP04 K 165.6 g. 321.6 1000 1.2 1.2 1.0 NaH2P04 /Na2HP04 L 35.74 g. 138.7 500 o.52: 1.04 o.5 5.85 - 0.20 NaH2P04 /Na2 HP04 M 62.4 g. 121.3 500 0,90 0.90 1.0 5.85 - 0.20 NaH2P04 /Na2HP04 N 99.9 g. 97.0 500 1.45 . 0.72 2.0 5.85 - 0.20 NaH2P04 /NaaHP04 0 ll.ll g. 21.58 100 o.8o o.8o 1.,0 3.51 - o.co NaH2P04 /Na2HP04 P 11.11 g, 21.58 100 o.Bo o.eo 1.0 
NaH2P04 /Na2 HP04 Q 21.08 g, 20.48 100 1.53 0,76 2.0 - - -- -NaH2P04/N~HP04 R 10.54 g, 20.48 100 0.76 0.76 1.0 - 9.36 - 0.76 NaH2P04/Na2HP04 S 5.27 g, 20.,48 100 0,.38 0.76 0,5 - 14.03 - 1.15 NaH2P04,/NaaHP04 T 13.18 g., 25.60 100 0.96 0.,96 1.0 
NaH2P04/Na2HP04 U 10.54 g. 20.48 100 0.76 0.76 1.0 4.47 - 0.76 -
HC104 v 3.82 
Buffer S~ol 
AA • 1.414 M H3P04 AF a 2.432 M NaH2P04 
.® = 11.935 M H3P04 AH • Final cone. of H3P04 2.32 M 
AC = 0.6051 M H3P04 NaH2P04 0.30 M 
AD = 1.2927 M NaH2P04 AI a 1.,108 M NaH2P04 
AE = 5.077 M H3P04 1.200 M N~HP04 ~ 4.659 M NaH2P04 AG • 0 ,628 M NaH2P04 
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Sodium chloride (Baker's Analyzed !Reagent dried and stored as above). 
S{)dium perchlorate (G. Frederick Smith Chemical Co. anhydrous reagent). 
Table 3 is a representation o£ solutions o£ inert substances which 
were used to maintain an ionic strength o£ 1.80 moles/liter in those cases· 
where the bu££er is incapable o£ doing so. 
PREP .ARATION OF CHLORINE WATER 
Chlorine water was prepared ~y bubbling chlorine gas (Matheson Chemical 
Company) through a sulfuric acid 'trap and then through distilled water 
contained in a one liter black-painted £iltering £lask. The gas was dis-
persed through the distilled water by means o£ a 11bubblern, i.e., a tube 
blown out into a small bulb prov:id ed with several tiny holes. Chlorine 
water was not prepared £resh £or each experiment but was kept stored in a 
re£rigerator in a glass stoppered bottle protected £rom light by means o£ 
aluminum £oil. 
M. Saxe (l) has reported that chlorine water solutions are practically 
£ree o£ chloride ion when prepared, and are relatively stable towards de-
composition in the dark and under re£rigeration even on long storage. 
METHOD OF ANALYSIS FOR ACTIVE CHLORINE( 2) 
The method o£ analyzing £or 11 active11 chlorine involved the injecting 
o£ an aliquot of the reaction mixture into excess standard arsenite solu-
tion (O.OlN). Adjustment o£ pH by the addition o£ solid sodium bicarbonate 
was £ollO'wed by back titration with iodine ( 0 .OlN) to a starch endpoint. 
This method o£ analysis yields the smn o£ the concentrations o£ hypochlorous 
(1) M. H. Saxe, 11 The .Action o£ Solutions o£ Chlorine in Water on D-Glucose", 
Ph.-D. Dissertation, Boston University, pp. 19 and 91. 
(2) R. M. Chapin, J. Am. Chern. Soc., ~' 2211 (1934). 
Table 3 
Solutions of Inert Substances Which were Used to 
Ma:intain an Ionic Strength of 1.80 in Those Cases 
Where the Buffer is Incapable of Doing So 
(Symbolized as I.S. Solutions) 
NaCl NaC104 Total. (NaCl)· (NaC104 ) Symbol 
Components g. g. Vol. (ml) mole /I. mole/1. IS 
NaC104 1.38 A' 
NaC1<?4 2.76 B 
NaCl; NaC104 11.68 92.45 250 o.Bo 3.02 c 
NaCl; NaC104 2.92 ll0.8 250 0.20 3.62 D 
NaCl; NaC104 1.83 113.2 250 0.125 3.70 E 
NaCl; NaC104 35.4 42.9 250 2-.42' 1.40 F 
NaC1; NaC104 23.35 67.96 250 1.60 2.22· G 
NaC1; NaC104 1.3 101.6 250 0.50 3.3~ H 
NaC104 1.0 M I 
NaC1 1.17 100 0.20 J 
100 O.lZ.5 K 
acid, chlorine monoxide and chlorine. Chlorite, chlorate, and perchlorate 
are not interfering constituents. 
Standard arsenite solution (O.OlN) was prepared in the usual manner 
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by dissolving a kncn.m weight of arsenicms oxide (Mallinckrodt, A. · R., dried 
at 105-110° for one hour, and stored over calcium chloride in a desiccator) 
in a concentrated sodium hydroxide solution, adjusting to a slightly acid 
pH by means of 0.5 normal sulfuric acid ar:rl then diluting to the desired 
volume. This arsenite solution was then used to standardize an iodine 
solution which had been prepared in the conventional manner. 
STANDARD PROCEDURE liDR SETTING UP AND CARRYING OUT A KINETIC EXPERIMENT 
The procedure recorded below is representative of the kinetic experi-
ments. Any slight modifications are noted in the section devoted to the 
experiment in which the modification was utilized. -
A 250 ml. G. S. erlenmeyer flask was weighed to 5 mg. on a large 
analytical balance of 2 kg. capacity, using a sim:Uar flask as a tare. 
One hundred milliliters of appropriate buffer at room temperature was 
pipetted :into this flask and the flask plus contents weighed again to 5 mg. 
Another 250 ml. G. s. erlenmeyer flask which had been painted black 
was weighed as indicated above. One hundred milliliters of chlorine water 
(refrigerator temperature) was pipet ted into the flask and the weight 
recorded. 
The substrate was weighed (by difference) in a volumetric flask of 
appropriate size. The solid was added to the buffer solution and the 
solution shaken and swirled until the solid dissolved. This solution was 
left standing at room temperature overnight in those cases where the sub-
strate was capable of equilibrating. Both flasks (buffer plus substrate 
and chlorine water) were placed in a thermostat at 3.5. 7°0 to thenna.lly 
equilibrate (time: 0.5 to 1.0 hr.). 
Because of the volatility of chlorine in acid aqueous solution, a 
convenient procedure was developed by Lichtin and Saxe (l). This employs a 
hypodermic syringe provided with an adapter (Figure 1) as a reaction ves-
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sel. This procedure was a marked improvement over the cumbersome pro-
cedures previously employeJ2"3). Photochemical reactions were minimized by 
painting the s,yringe and adapter black. 
A syringe, the barrel of which had been painted black except for a 
1/4-1/2 inch strip along the graduation markings through which the markings 
could be read, was readied for use as a reaction vessel. The joint of the 
syringe barrel, which had been ground to fit the adapter, was lubricated' 
with Fisher''s cello-seal lubricant, the adapter attached, and the unit 
thermostated for o.5 to 1 hour prior to filling. 
Initial time of reaction was taken as the time of mixing of buffer 
plus substrate and chlorine water. This was accomplished by pouring the 
contents of the "buffer flask" into the chlorine water flask. To insure 
complete mixing the contents were poured from flask to flask two more 
times. Next, about 10 ml. of reaction mixture was "W'ithdrawn into the 
syringe for purposes of rinsing and the contents then ejected. The syringe 
was then filled with about 80 rnl. of reaction mixture. The air pocket 
above the solution contained in the syringe was removed by inverting the 
syringe and depressing the plunger. Once all air pockets were removed the 
syringe was placed back in the constant temperature bath. 
(1) N. N. Lichtin am M. H. Saxe, J. Am. Chem. Soc., 1J., 1875 (1955) 
(2) J. Groh, z. Physik, Chem., 81, 69.5 (1913) 
(3) F. o. Rice and c. F. Fryling, J. Am. Chem. Soe., l:U, 379 (1925) 

At periodic time intervals a two to three gram sample was wi thd.rawn 
from the syringe by placing the tip of the syringe adapter below the sur-
face of distilled water contained in a 125 ml. erlenmyer flask. This 
served the purpose of removing that portion of the reaction mixture which 
was not thermally equilibrated. Immediately following this a two to four 
gram sample was withdrawn from the syringe with the tip of the adapter 
below the surface of the arsenite solution. This permitted the removal of 
samples without exposure to the atmosphere; consequently, there was no 
loss of "active chlorine" because of its volatility. 
METHOD OF CARRYING OUT THE BlANK RUNS 
The method used for measuring the loss of oxidant due to interaction 
with the buffer was the same as that used in the kinetic experiments 
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except that no reductant was added. The initial time · was taken as ~he time 
of mixing of the thermally equilibrated buffer and chlorine water· solutions. 
These blank runs were not carried out on all the buffers employed 
in this work, instead buffers representing the pH range of this research 
were selected. Thus, blank runs were carried out at pH 2.1, 2.8; 4.6, 
6.5, and in perchloric acid solution. 
EVALUATION OF SECOND ORDER RATE CONSTANTS FROM INDIVIDUAL RUN DATA 
The second order rate constants from the individual run data have 
been determined from plots of either oxidant concentration or its 
logarithm (whichever gives the best straight line through the first 
few points versus time, the concentration of reductant (always 
present in excess), the initial oxidant concentration (in those 
cases where the slope is taken from a plot of the oxidant concentr-
ation versus time), the density of the solution after reacti on, 
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and the total weight of the reaction mixture. The volume of the solution 
is determined from its weight and density. Thus the concentration of 
reductant in units of moles/liter is evaluated from the weight of reductant 
charged, its molecular weight and the volume of the reaction solution. 
The initial oxidant concentration is determined from an extrapolation to 
zero time of either the oxidant concentration versus time plot, or 
logarithm of the axidant concentration versus time plot. The rate con-
stant can be determined from the slope of the logarithm of the oxidant 
concentration versus time plot in the following fashion. Run I-15, 
for example, has a slope of 6.15 x 10-3, the units of time being minutes. 
Therefore, 
iter) • 5.23 x 10-4 liter/mole-sec~ 
In the case of zero order plots (justified on pagelO~ or linear oxidant 
concentration versus time plots (run A-16), the second order rate constant 
is determined in the following fashion. The slope of the zero order plot 
is 5.04 x l0-3 M.E./g.-hr., the initial oxidant concentration is 3.25 x 10-2~ 
M. E./g., and the reductant concentration is 0.499 mole/liter. Thus, 
~~~~~r.-~~~~~~~~~=-~~~~~--~~~ • 8.63 X 10-5 
1/mol.-sec. 
THE INTERACTION OF GLUCOSE AND ITS DERIVATIVES WITH BUFFERS 
A check on the stability of the various carbohydrates in the three 
buf.fer systems was necessary in order to prove that the kinetic data as 
well as the stoichiometric data were a measure of the attack on glucose 
and its derivatives and not on substances which could be formed from them. 
This v1as accomplished by following the optical rotation of the carbo-
hydrate over a period of time. 
Carbohydrate was weighed out into a ten milliliter (except where 
noted) volumetric flask and was dissolved in five ml. of the appropriate 
buffer. The solution was diluted to the mark and placed in a one deci-
meter polarimeter tube (except where noted). The tube and its contents 
were then equilibrated in a thermostat at 35.7°C until a reading was taken. 
The results of these measurements are recorded below: 
Table 4 
Optical Rotation of D-Glucose in the Various Buffers 
0.2 +1.92° 
0.5 +1.~9° 
2.4 +1.87° 
5.0 +1.90° 
23.0 +1.89° 
25.5 +1.89° 
Ave. c\obs. 
- +1.890 
G<-lb = +52.8° 
Cone.: 0.274 M/1 
Cone. OA 0-: 1.11 M/1 
HOAc/NaO.Ac: 1.0 
Time (hrsl G<obs. 
0.3 +2.66° 
1.3 +2.64· 
3.2 +2.63° 
7.5 +2.63° 
19.0 +2.62.0 ' 
24.0 +2.61° 
Ave. v< obs. .. +2.630 
[o<JD a +53 .5•· 
Cone.: 0.248 M/1 
Cone. ~ ¥P04~: 0.45 M/1 
H2 P04 -/HP04 -: 1.0 
Time (hrsj rX.. obs. 
0.1 +2.34°' 
2.1 +2.26° 
4.8 +2.27° 
8.8 +2.30° 
20.5 +2.32° 
24.0 +2.29° 
Ave. c(obs. = +2.30° 
\_o<]j)- +51.5° 
20 1 
Table 5 
Optical Rotation of Methyl-o(-D-Glueoside in Buffers 
o.5 
4.2 
9.5 
23.0 
28.8 
+6.70 
+6.70 
+6.71 
+6.72 
+6.74 
Ave. o( obs • ._ +6. 71 
[o<] D • +159 
0.2 
2.5 
3.8 
1.5 
24.0 
+4.76 
+4.80 
+4.77 
+4.80 
+4.85 
Ave. cl._ obs. .... +4.80 
~ ]~ - +158 
Cone.: 0.189 M/L 
Cone. OAc: 1.11 M/TI 
HOAe/NaOAe:· 1.0 
Time (hrs) rJ b 
ll\0 s. 
0.5 
1.0 
3.6 
24.0 
+5.81 
+5.76 
+5.19 
+5.77 
Ave • .A b • +5. 78 
v \o s·. 
1?-Jo • +157 
Cone.:· 0 .197 M/L 
Cone. HC104 : 1.81 M/L 
Time (hrs) 
0.1 
1.5 
3.9 
7.0 
12.0 
29.8 
o( obs. 
+6.01 
+6.03 
+6.02 
+5.99 
+6.00 
+6.04 
Table 6 
Optical Rotation of !1ethyl~ -D-Glueoside in Buffer~ 
o.~ 
2.0 
15.8 
18.0 
21.2 
-1.10 
-1.02 
-1.06 
-1.02 
-1.05 
Ave. o<obs. • -1.05 
8] l)- -32.3 
0.2 
1.7 
4.7 
18.3 
20.3 
24.0 
-1.10 
-1.13 
-1.11 
-1.09 
-1.ll 
-1.13 
Ave. D( b "" -1.ll 0 s. 
(ci] ~ = -32.4 
Conc.l 0.168 M/L 
Cone. 0Ae-:· 1.11 M/1 
HOAc,/NaO.Ac: 1.0 
Time (hrs) D<( obs. 
o.5 
2.0 
4.5 
7.5 
24.0 
-1.03 
-1.05 
-1.10 
-1.05 
-1.02 
Ave. o(obs. = -1.05 
Ji-Ju • -32.2 
Cone.:: 0.187 M/L 
Cone. HC104 : 1 ,.8 M/L 
Time (hrs) o<'obs. 
0.2 
0.8 
2.0 
12.0 
16.0 
20.0 
24.0 
-1.26 
-1.20 
-1.21 
-1.16 
-1.19 
-1.20 
-1.18 
Ave. o( b = -1.20 0 s. 
10-JJ) = -33.0 
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Table 7 
Optical. Rotation of Isobutyl-p -D-Glueoside in Buffers 
Cone.: 0.0988 M/L 
Cone. H2 P04 -:· 1.51 M/L 
H3 P04 /H:aP04 -: 0.33 
Time (hrs) · o( obs. 
1.1 -0.89 
4.0 -0.92 
8.1 -0.92 
23.1 -0.88 
35.1 -0.89 
48.1 -0.92 
Ave. o<'obs .... -0.90 
[o(]D = -39 
Cone.:: 0 .08 55 M/L 
Cone. OAc: i.ll M/L 
NO.A:e/NaOAe: 1.0 
Time (hrs) o(obs. 
o.5 -0.82 
1~8 -0.82 
4.5 -0.85 
8.2 -0.80 
24.5 -0.81 
49.0 -0.82 
Ave. c<obs. • -o.8a 
8JD•-41 
Table 8 
Cone.: 0.0991 M/L 
Cone. HP04 = :: 0.45 11/L 
H2P04 -/HP04•: 1.0 
Time (hrs) Cl( obs ~ 
o.5 -1.02 
2.5 -0.95 
5~5 -0.93 
8.5 -0.921 
25.0 -0.94 
30.5 -0.94 
49.5 -0.94 
h.ve. tXobs. • -0.95 
~]\)a -4J. 
Optical. Rotation of Isopropyl? -D-Glucoside in Buffers· 
0.3 -0.5oo 
0.7 -0.55° 
1.6 -0.63° 
3.2 -0.56° 
7.0 -o.6o• 
24.7 -0.59° 
49.3 -0.560 
71.4 -0.55° 
Ave. 0\obs. - -0.57°' 
~]b= -~0 
Cone.: 0.0765 M/L 
Cone. 0Ae•: 1.11 M/L 
HOAe/NaOAe:: 1.0 
Time (hrs) LXobs. 
0.1 0.73., 
0.4 -0.66° 
2.3 -0.70° 
4.9 -0.73° 
24.0 -0.68° 
47.0 -0.,69° 
55.0 -0.72° 
76.0 -0.70. 
Ave. 0\obs. • -0.10• 
@ll· -4J! 
Cone.~ 0.0820 M/L 
Cone. HPO~: 0 ~5 M/L 
H2 P04 -/HP04 =:: 1.0 
Time (hrs) C>( ob 8 • 
0.2 -0.7'50 
0.7 -0.78° 
4.0 -0.76° 
2'5.5 -0.68° 
47.5 -0.78° 
15.5 -0.79. 
Ave. cXobs. = -0.76• 
L.cXJ.u· -42. 
·• 
Table 9 
Optical Rotation of Tertiary Butyl~-D-Glucoside 
Cone.: 0.129 M/L Cone.: 0.133 M/L 
Cone. HaP04 -: 1.51 M/L Cone. OAc-: 1.11 M/L 
H3P04 /H2 P04 -: . 0.33 HOAc/NaOAc: 1.0 
Time (hrs) cXobs. Time (hrs) o<'obs. 
o.5 -0.66° 0.1 ..o. 70° 
2.5 -0.65° 2.7 -0.70° 
7.0 -0.65° 4.7 -0.69° 
9.0 -0.65° 20.3 -0.70° 
24.8 -0.60° 24.5 ...o. 72° 
30.0 -OS7o 
36.0 -0.57°' Ave. e:.<abs. .. -0.700 
48.5 -e.5o• 
52.5 -O.).j.8o t].\). -22° 
Ave. <><'obs • .. -0.65°' 
8Jv· -21• 
Table 10 
in Buffers 
Cone.: 0.377 M/L 
Cone. HP04 =: 0.45 M/L 
H2P04 -/HP04 •: 1.0 
Time (hrs) oCobs. 
0 ':> .... 
0.5 
o.s 
13.5 
14.5 
17.7 
24.1 
-1.15° 
-1.12°' 
-1.11• 
-1.14° 
-1.10° 
-1.14° 
-l.ll0 
Ave. OCobs. • 1.12° 
BJ1) .. -22.4· 
Optical Rotation of nGlucono~-Lactone'in Buffers 
Cone.: 0.322 M/L 
Cone. H2 P04 -: 1.51 M/L 
2 decimeter tube 
H3P04/~P04 -: 0.33 
Time (hrs) o( obs. 
7.6 +1.70. 
8.3 +1.67° 
30.0 +1.85• 
Ave. cX.obs. • +1.74° 
1RzJn· +15.1 o 
Cone.: 0.283 M/L 
Cone. HC104 : 1.8 M/L 
Time (hrs) o( obs. 
1.0 +1.30 
3.5 +1.35 
5.8 +1.36 
10.5 +1.36 
23.5 +1.39 
Ave. oZ obs. "" +1.35 
f0. Jj) = +26.8 
Cone.: 0.2)2 M/L 
Cone. OAc-: 1.11 M/L 
1 decimeter tube 
HOAc/NaO.Ac: 1.0 
Time (hrs) o< obs, 
0.1 
0.3 
o.5 
0.7 
0.9 
1.3 
2.3 
3.8 
24.0 
28 .o 
54.0 
10 days 
+2.35° 
+1.55° 
+1.12° 
+0.95° 
+0.84° 
+0. 73° 
+0.65° 
+0.65° 
+0.55° 
+0.61° 
+0.580 
+0.62° 
Ave. oZobs. • +0.61° 
L~n- +14.8° 
Cone.: 0.241 M/L 
Cone. HP04 "": 0.52 M/L 
2 decilneter tube 
H2P04 -/HP04 •: 0~5 
Time (hrs) q obs. 
0.4 
0.5 
0.7 
0.9 
1.2 
1.5 
2.3 
5.1 
7.7 
29.1 
3 days 
+1.54° 
+1.36,., 
+1.28° 
+1.25° 
+1.20° 
+1.24.' 
+1.25. 
+1.20° 
+1.19° 
+1.27° 
+1.220: 
Ave. o(obs. • +1.23° 
lczJD • +14.5• 
THE EFFECT OF SODIUM BICARBONATE' ON T!ffi ODD.ANI' TITRE 
At one point in this investigation it appeared that the length of 
time which the quenched reaction solution was left in contact with added 
sodium bicarbonate - the addition of which is a necessary part of the 
analytical method - influenced the oxidant titre. Therefore, the data 
below were collected to show the effect of reaction solution aging in 
the presence of sodium bicarbonate. 
a5 
A typical kinetic experiment was set up using methyl- t(-1?.-glucoside 
as substrate at PH 2.1. The reaction was allowed to proceed for two hours 
at which time eight samples were removed. These eight samples were 
divided into two groups. One group was allowed to stand at room temper-
ature for desired periods of time and titrated immediately after the 
addition of sodium bicarbonate. To the second group, sodium bicarbonate 
was added immediately after the solutions were quenched and weighed. 
This second group of solutions was allowed to stand at room temperature 
for the desired periods of time before they were titrated. The results 
of the experiment are tabulated below. 
Table 11 
Methyl-0(-D-Glucoside at p-H 2.1 in Buffer A. 
Sodium Bicarbonate Added Innnediately 
Aging Time ( Hrs. ) 
o.5 
1.5 
3.0 
4.5 
Oxidant (M.E./g.) 
0.0251 
0.0269 
0.0283 
0.0290 
Sodium Bicarbonate Added Just Before Titration 
Aging Time ( Hrs.) 
o.5 
1.5 
3.0 
4.5 
Oxidant (M.Er./g.) 
0.0241 
0.0249 
0.0247 
0.0240 
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This same type of experiment was repeated using methyl-A -D-glucoside 
as substrate at pH 2.1. However, in this case the reaction was stopped 
after 3.25 hours. 
Table 12 
Methy1-p( -D-Glucoside at Pi 2.1 in Buffer A 
Sodium Biqarbonate Added Immediately 
Aging Time (Hrs. ): 
o.5 
1.8 
3.0 
5.5 
7.0 
Oxidant (M.E./g.) 
0.0176 . 
0.0204 
o.o2a4 
0.0240 
0.0240 
Sodium Bicarbonate Added Just Before Titration 
Aging Time (Hrs. J 
o.5 
1.8 
3.0 
5.5 
7.0 
Oxidant (M.E./g.} 
o.ol48 
o.ol54 
0.0157 
0.0155 
o.ol42 
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The same type of experiments were carried out on D-glucose at PH 
6.2. It must be realized that the oxidation of D-glucose at PH 6.2 is 
rapid, thus the removal of eight consecutive samples should show a decrease 
in oxidant titre. The first of the eight samples was removed after twenty 
minutes of reaction. The last of the eight samples was probably removed 
no earlier than after twenty-five minutes of reaction. All eight samples 
are chronologically arranged below. 
Table 13 
D-Glucose at PH 6.2 in Buffer 0 
Sodium Bicarbonate Added Immediately 
.Aging Time .(Hrs.) 
1.25 
2.00 
2.75 
13.0 
Oxidant (M.M./g.) 
0.0074 
0.0069 
o.oon 
0.0061 
Sodium Bicarbonate Added Just Before Titration 
Aging Time (Rrs.)t 
1.25 
2.00 
2.75 
13.0 
Oxidant (M.E./g.) 
o.oo59 
0.0063 
o.oo5B 
0.0032 
D-glucose at pH 6.2 was again used. This time, however, the samples 
were removed starting after twelve minutes of reaction and ending at 
thirteen and one~alf minutes. The samples are chronologically arranged 
below. 
Table 14 
D-Glucose at pH 6.2 in Buffer 0 
Sodium Bicarbonate Added Immediately 
Aging Time (Hrs.) 
o.5 
1.5 
3.5 
5.5 
Oxidant (M.E./g.)! 
0.0147 
0.0151 
0.0150 
0.0153: 
Sodium Bicarbonate Added Just Before Titration 
Aging Time: ('Hrs.) 
o.5 
1.5 
3.5 
5.5 
Oxidant (M.E. I g.)\ 
o.ol4ll 
0.0135 
0.0125 
0.0118 
The same type of experiment was carried out with D-glucose at pH 
2.1 using the STD buffer. The samples were removed after sixty minutes 
of reaction time. The samples are chronologically arranged below. 
Table 15 
D-Glucose at pi 2.1 in Buffer STD 
Sodium Bicarbonate Added Immediately 
Aging Time (Hrs.) 
o.5 
2.5 
4.5 
2 days 
Oxidant (M.Et./g.): 
0.0121 
0.0120 
0.0117 
0.0395 
Sodium Bicarbonate Added Just Before Titration 
Aging Time (Hrs.) 
o.5 
2.5 
4.5 
2 days 
Oxidant (M.E./g.) 
0.0118 
0.0110 
0.0103 
0.0102 
These results indicate that in the presence of sodium bicarbonat~ 
the iodine titre of the quenched reaction mixture decreases slowly. .A 
possible explanation for this phenomenon is that -arsenite solution is 
reducing some species which is present. This species may be one of the 
oxidation products of the reaction. A more appropriate species is one 
which is formed by hydrolysis of one of the reaction products. This 
would account for the decrease in iodine titre with increasing contact 
time. 
However, it is strongly suspected that the runs at pH 2.1 with 
glucoside should show a larger bicarbonate effect than the runs -vJith 
glucose at the same pH because of the increased extent of oxidation with 
the glucosides. The preceeding tables show this to be true. Another 
r eason for this difference may be a reflection of the presence of different 
reaction products from glucose and glucoside. 
On the basis of these results, sodium bicarbonate was added to the 
reaction mixture in arsenite solution just before titration with iodine. 
:t-1EASURF.11ENT OF pH AND DENSITY 
That portion of the reaction mixture Which remained at the end of 
each run was used in obtaining the density and the PH of the solution 
using a glass electrode. The pH measurements were made on either of tiro 
pH meters (a Leeds and Northrup pH Meter No. 7662 or a Coleman pH meter). 
The meters were standardized with potassium acid phthalate buffer (0.05 
molar). gravities 
The ap:ecifi~s of the solutions v1ere measured 1d. th a Mohr-Westpha] 
" balance in the case of those runs mere a large syringe was used as a 
reaction vessel. In those cases where a small syringe was used as a 
gravity 
reaction vessel the ~e~ was determined by means of a p,ycnometer the 
A 
volume of which was determined by calibration using water. 
Because of variation in the pH measurements these were subsequently 
discarded. A series of ~thetic mixtures were prepared to measure the 
pH of the various buffer solutions. For this series of experiments, the 
hydrogen ion activities were measured on a Beckman Model G (Serial number 
30270), pH meter. The pH meter was first standardized with 0.05 molar 
potassitim acid phthalate. This was checked with Harleco number 396 
buffer having a pH of 7.00! o.ol. 
All solutions were made up in the following manner. Ten milliliters 
of the appropriate buffer was mixed with ten milliliters of distilled 
water. Two grams of D-glucose was dissolved in this mixture. The Ifi 
v1as then measured. 
The variation in PH may be attributed to either or both of two 
factors. Either the routine pH measurements were made on a pH meter 
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1-rhich 1>1as not standardized properly (calibrated only with 0.05 molar potas-
sium acid phthalate) or the Co~eman pH meter was not functioning properly. 
This led to the measurements being made on synthetic mixtures using a 
Beckman pH meter which was properly standardized. These values are 
recorded in Table 16. It is the author's feeling that all measurements 
made with the Coleman meter are of no value. Consequently, these were 
discarded. 
3i 
Table 16 
PI Measurements of the Various Buffer Solutions (1) 
Buffer Buffer 
Symbol Symbol 
PI pH 
(See Page 12) (as•c) (See Page 12) (25°0) 
A 2:.06 B 6.62' 
B 2.0~ M 6.27 
c 2.80 N 5.79 
F 4.61 0 6.18 
G 4.61 F' 6.30 
H 4.63 Q 5.80 
I 4.49 s 6.51 
J 4.51 T 6.23 
u 6.13 
Solution A_ was left standing for three days after which time the 
Iii was found to be 2.04. 
MEI'HOD OF CARRITNG our STOICHIOME;rRY RUNS 
The method of carrying out the stoichiometry runs is very similar 
to t he kinetic run procedure with the exception t hat the ini tial time was 
taken at the time of introduction of the glucose or carbohydrate. Thus 
there was no prior equilibration of reductant in buffer. At any parti-
cular time two samples were removed. One sample was used to obtain the 
"active" chlorine concentration and the other the carbohydrate concentration. 
The sample which was to be used to determine the carbohydrate concentration 
was diluted to 100 ml. in a volumetric flask. Five milliliters of this 
(1) These pH values were used in the equilibrium calculations. 
was taken by means of a pipette and placed in a six-inch test tube. (All 
glassware was cleaned in a sulfuric acid cleaning bath, rinsed in deter-
gent solution, and rinsed with distilled water.) To this was added 10 ml. 
of anthrone reagent from a burette, the addition taking place over a period 
of sixty seconds. The test tube was then placed in a boiling water bath 
and stirred with a plunger (twenty-five plunges over fifteen secdnds). 
After four minutes in the boiling water bath, the test tube was removed 
and placed in an ice water bath and kept there until time was available 
to determine the optical density. 
The color intensities developed with anthrone reagent were measured 
at 620 ~ with a Klett-Summerson colorimeter (No. 6618) equipped with 
a Baird 7-3231-5 interference filter and a Corning 3486 absorption 
filter. The ability of this method to distinguish between glucose and 
(1) 
its oxidation products was proven by Saxe • 
The data can be found at the end of the dissertation (pp. 254 to 
266). 
PREPARATION OF THE ANTHRONE REAGENT 
The anthrone reagent was prepared by dissolving 0.2 grams of 
anthrone (prepared by M. Saxe) in 100 ml. of concentrated sulfuric 
acid. This solution was kept in a refrigerator for two hours prior to 
use. 
(1) M. H. Saxe, Ph.D. Dissertation, Boston University, 1954, p. 170 
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EXPERIMENTAL PROBLKMS 
The major problem encountered in this work was the conversion from 
100 ml. hypodermic syringe reactors to 10 ml. syringe reactors. In those 
runs involving the use of the large syringe, a) ml. of N/100 arsenite 
solution was used. After injection of approximately three grams of 
sample, the solution was titrated with N/100 iodine solution to a starch 
endpoint. It is obvious, therefore, that if the reactor is reduced to 
one-tenth of its normal volume, then to duplicate the conditions of the 
large reactor all volumes must be reduced to one-tenth their normal 
values. This is not feasible in the case of the small syringe because 
only 2.5 ml. of N/100 arsenite solution would be required. Therefore, 
five milliliters of N/250 arsenite solution was used. The excess arsenite 
was titrated w.i. th N/250 iodine solution after the injection of approxi-
mately 0.3 grams of reaction mixture. This procedure worked very well. 
At one phase of the investigation the results that were being 
obtained were completely erratic. These results were ultimately attributed 
to the use of chlorine from a source different from the usual one. Figure -2 
is a plot of the slopes of the logarithum of the oxidant concentration 
versus the initial oxidant concentration for those runs using Ohio Surgical 
and Chemical Company and Matheson Chemical Company chlorine with STD 
buffer. The data are tabulated below. See page 61 for the conditions 
employed in these runs. 
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Table 17 
Comparison of Data Using Matheson Chemical Chlorine and Ohio 
Surgical and Chemical Chlorine 
Matheson Chemical Ohio Surgical and ChemicalL 
( OX:}l0 x 1if Run 
. 2 ' Run - -k (OX) 0 x 10 -~ -k 
No. . M.E./g. 2.303 min.-J. No .. M.E.jg. 2.303 min. -J. 
I-100 1.2:7 3.30 I-95 3.12 7.40 
I-99 3.07 6.30 I""94 4.03 8.14 
I-98 2.09 4.90 I-93 4.15 8.50 
I-97 3.92 7.52 I-85 2.08 5.71 
On the basis of these results, all data which were obtained using 
Ohio Surgical and Chemical chlorine were discarded. The results in this 
investigation, therefore, pertain to the oxidation of various carbo-
hydrates using Matheson chlorine; this yielded reproducible data. The 
reason for the discrepancy in results was not determined. 
Another major difficulty encountered was a problem dealing with sample 
purity. It was found that if the alkyl~ -D-glucoside tetraacetates were 
not pure, the transesterification reaction using sodium methoxide in 
methanol did not proceed as long as the sodium methoxide was present 
only in catalytic quantities. Therefore, all alkyl~ -D-glucoside tetra-
acetates were purified by recrystallization from 1:1 ethanol-water mixtures 
at least twice. 
The last major difficulty was encountered when the 10 ml. syringe 
reactor was used in place of the 100 ml. The relevant data collected in 
three sets of runs employing glucose as substrate are recorded below and 
plotted in :figure 3. In one series o:f runs a 10 ml. syringe which had been 
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painted black was employed. In another, a 10 ml. syringe which had not 
been painted was used. The third series employed a 100 ml. syringe which 
was painted black. The discrepancy between the 10 ml. and 100 ml. syringes, 
both of which were painted black, was not considered to be significant. 
Run 
No. 
I-15 
I-16 
I-17 
I-97 
I-98 
I-99 
I-100 
I-103 
I-104 
1 ... 105 
I-106 
I-107 
I-108 
I-109 
Table 18 
EVidence of a Light Catalyzed Reaction* 
Syringe . 
Size ml .. 
100 
100 
100 
100 
100 
100 
100 
10 
10 
10 
10 
10 
10 
10 
Painted 
or Not 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
Yes 
k X 104 
liter· /mole-see:. 
5.23 
4.3a: 
6.05 
3.97 
5.10 
2.65 
6.85 
6.87 
6.22: 
5.90 
4.67 
5.77 
6.23 
* Glucose oxidation at pH 2.1 
. 2 (OX) 0 x 10 
M.E./g. 
3.48 
2.74 
2.03 
3.92 
2.09 
3.07 
3.73 
3.84 
3.97 
2.85 
2.35 
3.63 
3.86 
This is evidence for a light catalyzed reaction involving the loss 
of oxidant. 
Further evidence that the results obtained with a painted 10 ml. 
syringe are valid is a comparison of runs which contained 0.376 mole/ 
liter of sodium chloride to buffer the chlorine water equilibrium, 
namely I-102 and the average of runs I-58 and I-68. The data are 
tabulated below. Thus, 18 . 8 x 10-4 liter/mole-second is compared wit h 
19.5 x 10-4 liter/mole-second. 
Table 19 
Comparison of Rates Using 10 ml. and 100 ml. Syringes 
Oxidation of D-Glucose at pH 2.1 
Run Syringe k X 104 NaCl 
No. Size, ml. liter/mole-second mole/liter 
I-58 100 21.1 0.376 
I-68 100 17.9 0.376 
I-102 10 18.8 0.374 
EXPlANATION OF THE STOICHIOMETRY DATA 
The tables are set up in such a way that the data for the loss of 
oxidant are presented in a separate section from the loss in reductant. 
All oxidations were carried out with (Ox) 0 /(Reductant) 0 equal to 15-20 
equivalents/mole. The data for the stoichiometry runs are included on 
pages 254-266. 
The section dealing with the loss of oxidant requires comments about 
the blank correction. At pH 2.1, the loss of oxidant, as exemplified in 
blank runs 1 and 6, is relatively small and slmv as compared to that at 
pH 4.6 and pH 6.5. Therefore, no correction was applied to the stoichio-
metry data at pH 2.1. At pH 4.6, blank run 3 was plotted on a zero order 
basis, i.e., concentration versus time. This plot is shown in figure 4. 
It is apparent that all but two points agree with a zero order dependence. 
(OX) X l.CJ2 
;" ~· /g 
J,: ·~ · • 
1 . . 
0 
0 
--~~~~+'C'~-~~~~~~~ 
00 ~ ~ · ~ 
'£~ (brs .. ) 
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The specific reaction rate for the rate of loss of oxidant was found to be 
1.5 x 10~4 M.E. /g.-hr., and it is this value which was used to calculate 
the oxidant loss which was not due to oxidation. The correction at pH 6.5 
is not as cl.ear cut. A plot of blank run 5 on both a zero and first order 
basis shOi-TS a considerable deviation from linearity. Therefore, a point 
by point evaluation of the rate constant on a second order and third order 
basis was made. The results are tabulated below. 
Table 20 
Second Order and Third Order Rate Constants for the Interaction 
of Buffer with Chlorine Water 
Buffer M 
Third Order Second Order 
k3. 0 ' 
Tilne (OX) X 102 g:.2 Time (OX) x 102 g:. 2) 
(hrs . ) M.E . jg. (H.E. )2 :..hr. (hrs.) M.E.jg. (M . E. ))2-hr. 
1.08 5.633 14.8 1 .08 5.633 0.85 
3.52 5.163 13.4 3.52 5.163 0.74 
5.28 4.856 13.5 .5.28 4. 8.56 0.73 
9.70 4. 287 13.6 9.70 4.287 o.68 
12 .32 3.983 14.2 12.32 3. 983 0.68 
18.78 3.483 14 • .5 18.78 3.483 0.64 
23 .0.5 3.218 14.8 23.05 3 .218 0.62' 
29.0.5 2.918 1.5.4 29.0.5 2. 918 0.60 
34.28 2.707 1.5.8 34. 28 2.707 0.59 
4.5.70 2.324 17.2 4.5.70 2.324 0.57 
Ave. 14.7 -~:. o.s Ave . o.67 + o.o66 
or 14.7'+ 5.1$ or 0.67 :± 9.9% 
The third order rate constant was found by inserting the proper val. ues 
of oxidant concentration a.nd t:iJne into the following equation and solving 
fork. 
The second order rate constant was found by inserting the appropriate 
values into the equation 
- k t 
These results appear to indicate that the rate of loss of oxidant 
in this blank run is closer to a third order process than second. Thus, 
the blank correction was based on this third order rate constant. 
The blank correction was made by applying the following equation, 
ll( OX) • 14.7 [< OxU 3 llt 
where (Ox) is the initial point in two successive points, on a point by 
point basis, i.e., A(OX) was determined for each two successive points. 
One can visualize that this sort of correction would lead to an actual 
overcorrecting of the data. Thus, the stoichiometry values would in 
effect be slightly higher than those reported. 
4lL 
The method of analysis for carbohydrate was essentially that reported 
by M. Saxe(l). The calculations involved in the determination of the loss; 
in carbohydrate in /'moles/g. units were as follows:· The color intensity 
developed by the reaction of anthrone reagent with carbohydrate solutions 
was measured on a Klett-Sunnnerson colorimeter. This was done for each of 
the samples. The concentration of carbohydrate in the o-o.l hour sample 
was assumed to be the calculated value obtained from the weights of 
materials added. The data of Table 7;1.. are used as an illustration. Here, 
the concentration of D-glucose in the 0.10 hour sample was 463 Q'jg. 
(lJ M. H. Saxe, Ph.D. Dissertation, Boston University, 1954, m. 170 
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Since 3.310 grams of reaction solution was used, the concentration of 
carbohydrate in the remaining samples was determined using the following 
equation 
(Carbohydrate) x Weight of reference sample Colorimeter reading 
-------------------X of unknown sample • (Carbohydrate) 
Colorimeter reading of reference sample Grams of unknown of unknown 
sample 
The reference sample is the 0.10 hour sample. 
Therefore, 
463 X 3.310 g. X 
166 
82 
- 229 3.309 
SUMMARY OF ACCOMPLISHMENTS 
This research has shown that the effect of increasing pH on the 
chlorine water oxidation of d-glucose and _j-glucosides is to increase 
the extent of oxidation of the carbohydrate. The available evidence 
shows that glucono- J:1actone is oxidized at a faster rate at pH 6 than 
at pH 2 or 4; this is in agreement with the increasing stoichiometry 
with increasing pH. 
These oxidations have been ~ound to be extremely susceptible to 
hypochlorite ion concentration. The extent of catalysis by this ion is 
much larger than that postulated using the Bronsted catalysis relationship. 
The effects of buffer concentration, ionic strength and composition of 
the buffer have been examined. 
A series of rate and catalytic constants have been evaluated for 
d-glucose and three alkyl-~-D-glucosides as well as for methyl- ~ -D-
glucoside. It has been shown that the rate of loss of oxidant is light 
catalyzed, thus precautions were taken to keep the reaction mixture 
protected from light. 
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DATA 
I. EQUILIBP..IUM OF CHLORINE HYDROLYSIS 
The following equilibrium is established when chlorine is dissolved 
in water: 
I-1 0123 + H2 0 ~ HOCl + CI:"' + H+ 
The solution contains two oxidizing agents, i.e., molecular chlorine and 
hypochlorous acid. The sum of the concentrations of these two species 
will hereafter be referred to as the concentration of "active" chlorine. 
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An inspection of the equilibrium expression reveals that the position 
of equilibrium is a function of the acidity as well as the chloride ion 
concentration. The action of chlorine on a reductant is followed by the 
liberation of an equivalent of hydrochloric acid for each equivalent 
of chlorine consumed. Therefore, as the reaction proceeds the fraction 
of total oxidant present as chlorine increases. · To prevent this in part, 
solutions were buffered with either of three buffer systems: either 
phosphoric acid/dihydrogen phosphate or acetic acid/sodium acetate or 
dihydrogen phosphate/monohydrogen phosphate. This does not completely 
eliminate a change in the fraction of oxidant present as chlorine (or 
hypochlorous acid) as the reaction proceeds because of the generation 
of chloride ion as well as proton. In many instances sodium chloride 
was added to the solution and this served a dual purpose. One purpose 
is to buffer the fraction of total oxidant present as either chlorine 
or hypochlorous acid during the reaction, and the other is to maintain 
the fraction of oxidant present as hypochlorous acid (or chlorine) at 
two different values when two different concentrations of sodium chloride 
are utilized. 
The equilibrium constant for the hydrolysis of chlorine is expressed· 
as: 
concentrat ion s are in 
I-2 Ka 
- mol es/ l iter 
The value for ~, the thermodynamic equilibrium constant, at 35. 7°C. is 
6.55 x 10_4(l). Ka is related to Kc, the concentration equilibrium 
constant, 
I-3 
by the follow~)5 expression: 
Ka .., d HOCl , d H+ r~a­
J' Clz 
For purposes of simplicity, it will be assumed that (( Hocl/ifC12.' equaJ..s 
unity( 2). This assumption is reasonable when working with solutions 
imich have 0.3 molal ionic strength. The assumption does not necessarily 
hold when solutions with an approximate 2 molal ionic strength are 
used; however, it will be employed because there are no other concrete 
methods of handling the situation. Elf reason of the above assumption, 
equation I-3 is reduced to: 
I-4 
Ka • Kc i H+ .t CJ:.• 
or Ka 
Since kinetic data alw~s involve concentration units of mole/liter, 
it is necessary that a value for the concentration equilibrium, Kc, be 
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obtained which can be used to compute the fractions of each oxidant present 
in solution. To evaluate Kc with Ka known, it is compulsory to arrive 
at some value of (!for hydrochloric acid. 
(1) 
( 2) 
a. G. N. Lewis and M. Randall, 11Thennodynamics", McGraw-Hill Book 
Company, Inc., New York and London, 1923, pg. 508 
b. G. Zimmerman and F. c. Strong, J. Am. Chern. Soc., 72., 2063 (1957) 
This assumption was made by Li chtin and Saxe, loc. cit. 
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A. MEAN .ACTIVITY COEFFICIENT FOR HYDROCHLORIC ACID FROM GLUCOSE RAT.B: DATA 
The mean activity coefficient of hydrochloric acid has been determined 
for concentrated solutions of strong electrolytes but only in two component 
systems. It must be borne in mind that the solutions used in this investi-
gation contain reductant, buffer, and frequently sodium chloride and sodium 
perchlorate as well as the species derived from. the dissolution of chlorine 
in water. .Although the ionic strength is kept at a constant value of 1.82 
moles/liter, the ratios of the concentrations of the major components 
change from run to run. Thus, any value of r'.:!: which can be computed 
from the data must be regarded as only a representative value. 
The rate constant, kobs, obtained from the experimental data is 
related to the individual rate constants for chlorine and hypochlorous 
acid by the following expressionr 
I-5 k kC012 . obs • 
where CX: refers to the fraction of total oxidant present as hypochlorous 
acid. If the above rate constants obtained at a constant ionic strength 
can be obtained from the kinetic data, then it is a simple matter to 
solve for o( • 
The k b which will be used is that derived from the catalytic 
0 s 
line in figure 6. This kobs is therefore related to a solution contain-
ing 0.377 mole/ liter of sodium chloride at pH 2.06. The buffer used 
was H3 .P04 /H2 Po4 • .. 0.3. To eliminate the possibility of any catalytic 
effect in kobs, it is necessary to extrapolate to zero buffer concen-
tration. The value of kobs is then 1.56 x 10~ liter/mole-second. 
Clz; The value .for k 0 · is the rate constant as measured at pH 1.1 and 
with o. 76 mole/liter o.f sodium chloride. Both the high acidity and high 
chloride ion concentration should guarantee virtually complete conversion 
o.fax:idant to chlorine. The rate constant as evaluated from Runs I-117 
and I-118 equals 1.96 x 10-3 liter/mole-second. 
The evaluation o.f k~CCl involves the assumption that at pH 4.6 and 
in the presence o.f 0.059 mole/liter o.f sodium chloride at least 99.9 
percent o.f the oxidant is present as hypochlorous _acid. This assumption 
is substantiated by the data o.f Hol~(l) whereby he shows that at pH 5 
and with no added chloride ion all the oxidant is present as HOCl. 
On this assumption, extrapolation o.f the catalytic line in .figure 10 
indicates that k~cx:a equals 1.1 x 10ooo4 liter /mole-second. 
HOCl Cl;a. The values .for k0 _ and k0 · recorded above do not contain any 
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catalytic e.f.fects. The only possible catalytic species have been accounted 
.for. 
Substituting these values into equation I-5 leads to the solution 
o.f cJ.-. 0.21, there.fore, 1-o( = 0.19. 
EXpressing the hydrolysis o.f chlorine equilibrium as 
I-6 
where the expressions in parentheses re.fer to concentrations in moles/ 
liter, an expression .for R is arrived at. 
I-7 
(1) G. Holst, Chem. Rev., 54, 186 (1954) 
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By simple algebraic relationships it is possible to conclude that 
I-8 
where 
(Cl2 , ):) l ri 
- -- - - lA (CJs,) + (HOCl) 
Knowing the value of 1- o{ and the concentration of chloride ion a value 
of R equal to 0.10 is obtained. 
Kc 
Therefore, (H+Y • 0.10 whe~ (fl+) is the concentration of hydrogen 
ions in moles/liter. 
Measurement of the pH of solutions by means of a glass electrode 
yields the activity of the hydrogen ion, therefore, to convert to 
concentration units it is necessary to estimate the activity coefficient 
of the hydrogen ion. This was accomplished in the same manner as re-
ported by Lichtin and Saxe(l). It involved the assumption(2) that 
( Cl- • J ~+ in 2.0 molal solutions of potassium chloride. From 
the available values of Y.! for KCl (3), and of Y.:!: for HCl (4) in 2.0 
molal KCl solution and 0.01 molal HCl, it is possible to estimate YH+ .. 
1~e mean activity coefficient for potassium Chloride in 2.0 molal 
solution at 25• is 0.58. The mean activity coefficient for HCl in 
2.0 molal KCl and 0.01 molal hydrogen chloride is 0.77 at 35°. 
(1) N. N. Lichtin and M. H. Saxe, J. Am. Chern. Soc., 77, 1875 (1955). 
(2) D. s. McKinney, P. Fugassi and J. C. 1ola.rner, in "Symposium on pH 
Measurementsn, .American Society for Testing Materials, Philadelphia, 
Pa., 1946, pg. 20. 
(3) H. s. Harned and B. B. Owen, 11The Physical Chemistry of Electrolyte 
Solutions", Reinhold Publishing Corporation, New York, N. Y., 1950, 
pg. 369. (4) Reference (3), pg. 575. 
Thus, 
I-9 ~H+ = 0.77 X 0.77 o.58 • 1.02 
Substituting into equation I-6 and solving for Kc 
I-10 R "' Kc or Tc ., R(H+) • (tr=F) ~a.c (0.10) (8.71 X 10-3) 1.02 
where 8. 71 x 10-3 is the activity of hydrogen ion (buffer A). 
Kc = 8.54 X 10-4 
From equation I-4 
I-1]. V2_+ (HCl) • !a._ a 6.5t x 10-4 • 0 76 0 Kc 8.5 x 10-4 • 
Therefore, 
(.:!:. (HCl) • 0.87 
The reasonableness of such a value can be checked qy comparison 
with known values in two component systems. This will be done by noting 
the activity coefficient for hydrogen chloride in each of the components 
of the solution assuming that the total ionic strength is a consequence 
of that component. Thus, the activity coefficient for hydrogen chloride 
in 2.0 molal sodium Chloride with a hydrogen chloride concentration of 
o.ol molal is o.86(1). 
Since no information is available on the activity of hydrogen 
chloride in sodium dihydrogen phosphate, the assumption will be made 
that its value is not very different from that in solutions of sodium 
perchlorate. The activity coefficient for hydrogen chloride at ionic 
strengths between o •. o5 and 1.0 molal sodium perchlorate and at con-
centrations of acid from 0.05 to 0.25 molal has quantitatively the same 
50· 
(1) H. s. Harned and B. B. Owen, "The Physical Chemistry of Electrolyte --
Solutionsn, Reinhold Publishing Corp., New York, N. Y., 1950, pg_ 369. 
value as it does in added sodium chloride(l). Therefore, assuming that 
this relationship holds at 2.0 molal ionic strength as well, the activity 
coefficient of hydrogen chloride in sodium perchlorate is also equal 
to 0.86. 
The only remaining thing to do is to examine the activity 
coefficient of hydrogen chloride in the presence of the nonelectrolytes 
glucose and phosphoric acid. 
Information is available on the mean activity coefficient of 
hydrogen chloride in D-glucose-water mixtures at 25•( 2). A 10 weight 
percent solution of D-glucose in water yields a mean activity coefficient 
of hydrogen chloride equal to 0.91 as determined with a silver-silver 
chloride electrode. 
Unfortunately, there is no information available on the mean 
activity coefficient of hydrochloric acid in phosphoric acid. However, 
the mean activity coefficient of hydrogen bromide in phosphoric acid 
has been reported( 3). The activity coefficient for hydrogen chloride 
is approximately 0.8 at a phosphoric acid concentration of 0.5 molar 
and a hydrogen chloride concentration of 0.1 molar, if it is assumed 
that there is little difference between the value for hydrogen bromide 
and hydrogen chloride. 
(1) s. R. Bates and J. w. Urston, J • .Am. Chern. Soc., 2.2_, 4068 (1933) 
( 2) a. J. P. Williams with s. B. Knight and H. D. Crockford,_ ibid., .zg,, 
1277 (1950) 
b. M. H. Everdell, J. Chern. Soc., 2289 (1949) 
(3) J. Llopis, Anales real soc. espan. fis. y. quim., !J7B, 21 (1951) 
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Any combination of the above four values of the activity of hydrogen 
chloride in two component systems will obviously give a value which is 
not very different from 0.87. The conclusion is then reached that the 
mean activity coefficient of hydrogen chloride at a concentration of 
0.01 molal as determined from the rate data is reasonable. This value of 
0.87 was obtained from solutions containing 0.01 molal hydrochloric 
acid. 
Harned and Owen(l) have pointed out that as the concentration of 
hydrochloric acid decreases 0.:!:. approa"Ches constancy. In other words, 
for values of the logarithm of the molality of hydrogen chloride less 
than -1, the value of d.:!: for hydrogen chloride is constant. 'I'hus, ~ 
for hydrogen chloride is the same at Iii 4.6 as it is at p! 2.1. This 
was shown for solutions of high chloride ion concentrations with total 
molalities of one and three. 
B. CAlCULATIONS OF THE FRACTION OF OXIDANI' PRESENI' AS CHLORINE AND 
HYPOCHLOROUS ACID UNDER V .ARYING CONDITIONS OF ACIDITY AND CHLORIDE 
ION CONCENTRATION 
The following table represents the fractions of oxidant 
present at different acidities and chloride ion concentrations. 
(1) H. s. Harned and B. B. Owen, "The Physical Chemistry of' Electrolyte 
Solutions", Reinhold Publishing Corp., New Yor~, N. Y., 1950, pg. 457 
Table 21 
The Value of o!.. For Differ~nt Buffered Solutions 
Buffer Chloride eX. 1- c< /- o( 
Symbol Iii moles/liter from. Kc from. Kc from~ 
A. 2.06 0.379 0.2] o. 79 0.73 
B 2.02 0.093 o.5o o.5o 0.49 
c 2.80 0.379 0.60 o.4o o.41 
F 4.61 0.760 0.9798 0.0202 o.o21a 
G 4.61 0.235 0.9934 0.0063 0.0066 
H 4.63 0.059 0.9985 0•0015 0.0017 
I 4.49 1.14 0.9606 0.0394 o.ow 
J 4.51 0.752 0.9749 0.0251 0.0262 
The chloride ion concentration represents the concentration of 
added sodium chloride. 
Table 21 contains two values of 1- ~ • One value was obtained by 
employing the concentration equilibrium constant • The second value was 
obtained from the thermodynamic equilibrium constant as explained below. 
The thermodynamic equilibrium constant is expressed in equation 
I-2 as 
-
rearranging equation I-2 yields 
1 - rX. • a_ cl.- • 
Rl + t{cl-
I-12 t(_ Cla, a HCCl+q Cl2 
-where R1 .. Ka l(if+ 
To solve for 1- o\ , a value of ( cl- has to be determined if the 
concentration of sodium chloride in moles/liter is known. The value 
of ( !: for KCl in a solution of 2 molal ionic strength of KCl is 0.58. 
Therefore, assuming Q K+ = ( cl- it follows that ( cl- = o. 76. 
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Substitution of 0.76 times the chloride ion concentration gives 
the activity of chloride ion which is inserted into equation I-12. 
It is interesting to note that a comparison of the values of 
1- D( calculated by the two methods agree very nicely which lends supporl 
to the previously made assumption that t HOCl/ t' Cl2 does not differ 
very much from unity. Also, this agreement tends to make the value 
of ( W previously d9Xerm:i.ned look valid. The agreement of o( values 
calculated by the two methods suggests that the sruoo reactions are 
being measured at pH 1, 2· and 4.5. 
C. THE STATE OF THE SUBSTRATES IN SOLUTION 
Other equilibria are also important in this work. Thus, glucose 
dissolved in water yields a mixture of o< -and ~-D-glucose. The 
proportions of these two substances are not dependent on the acidity 
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in the pH range of 2 to 6. It has been reporled(l) that bromine oxidizes 
the f form of most sugars faster than the D<.. form. It is to be borne 
in mind that oxidations by bromine water refer to solutions where virtually 
all the oridant is in the form of molecular bromine. This is not the 
case w·ith chlorine water. As bas been pointed out, in the pH range of 
0 to 4.5, chlorine dissolved in water is capable of producing two 
.. 
oxidants, i.e., molecular chlorine and hypochlorous acid. Above pH 
4.5 the hypochlorous acid begins to dissociate yielding hypochlorite 
ion which is a possible feeble oxidant. There is a possibility that 
above pH 4.5 chlorine monoxide may exist in solution. 
(1) H. S. Isbell and vl. Pigman, Bur. Standards J. Res~arch, 10, 337 (193.31 
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Because Isbell (1) has shorm that gl.ucono- t -lactone is the first 
formed product of the oxidation of D-glucose -r,.rith brom:ine water, the 
oxidation of glucono- .f -lactone by chlorine water was carried out. Most 
of the kinetic data oollected by this author were obtained with solutions 
of glucono- S -lactone which had been equilibrated. Therefore, any dis-
cussion concerning this substrate will have to account for the presence 
of gluconic acid, glucomte anion and glucono- '(-lactone as well as 
glucono- [ -lactone. 
All the f -glucosides probably ex:ist as pyranosides in solution. 
Experiments have conf:irmed the fact that they are not hydrolyzed and do 
not mu.tarotate m the oolutions used. 
D. OORRECTION OF THE RATE OONST.ANr FOR DISSOCIATION OF HYPOCHLOROUS ACID: 
Above pH 6, the following dissociation is operative. 
I-13 HOCl ~=~ 
The fraction of total oxidant present as hypochlorous acid at any pH ean 
be determined by mald.ng use of the following relationships. 
or 
I-lli 
I-15 
(001-) (If+) 
tHOCl) or 
Kctiss- . (If+) . 
Kdiss + (If+) 
(H+) 
• (001-) + (HOCl) 
(HOCl): 
(W) • 
Kdiss + <If'1 
_ (HOCl) 
(HOCl) . + (OCl-) = J 
J values at 25° are computed and the assumption is made that 
these values are valid at 35.7°C. 
(1) H. s. Isbell and c. s. Hudson, ibid., Jt, 327 (1932) 
H. S. • . Isbell, ibid., Ji., 615 (1932) 
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The value of J is comput ed for each buffer ratio. The value of Kdiss 
chosen is 4.1 x 10-8 at 2.5°. This value has been calculated by Shilov(l) 
and corresponds to the equation 
I-16 J. 
The hydrogen ion activity was measured on a pH meter for the three buffer 
ratios and the results are recorded on page 31. 
Table 22 
Vaxiation of J with Buffer Ratios 
o • .5 
1.0 
2.0 
J 
o.B.57 
0.931 
0.976 
In order to correct the experimentally determined rate constants to a 
rate constant which is related to the actual concentration of hypochlorous 
acid present (Ocl- is assumed to be a feeble oxidant), it is necessar,r 
to develop a simple relationship. 
Setting C = (HOCl) + (Ocl-), where C is the concentration of oxidant 
analytically determined, it is a simple matter to rearrange this equation 
to give 
I-17 
The explanation may be simplified by using rate expressions. 
(1) E. A. Shilov and A. A.Yasnikov, Ukrain. Khim. Zhur., 18, 595 (1952) 
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The rate expression relating to the experimentally observed kinetics is:: 
I 18 - dC ( ) 
- dt"" • k'obs C G 
To correct k'obs: relationships I -19 to I-21 are employed to yield ihe 
appropriate constant for I-21. 
I-19 kobs (C) • k• (HOCl) 
or 
I-20 k'= kobs {C) (HOCl) 
or 
]it = k ib (1/J) 0 s; 
I-2l. - dC • )(-"t (HOCl) dt (G) 
'Thus, the values of k recorded in all tables are the experimentally 
determined rate constants 1-lhereas the values of kl correspond to the 
corrected value of kobs~ as shown above . 
II. OXIDATION OF D-GLUOOSE 
A. OXIDATION OF D-GLUCOSE AT pH 2: 
Table 23 indicates the extent of oxidant loss which was observed 
under varyir.g conditions of acidity and initial sodium chloride con-
cent ration. 
No added Cl-
Added Cl-
Table 23 
Extent of Reaction 
pH 2.I 
20-33% 
50-85% 
pH 4.6 
20-3.3% 
55-85% 
pH 6.5 
90% 
90% 
The oxidation of' D-gluco:se by a solution of chlorine in water was' 
carried out in buffered solution. The buffer employed was phosphoric 
~cid/sodium dihydrogen phosphate. The ratio of acid to salt was varied, as 
indicated f'or each run. It is at this pH that the fraction of total oxidant 
present as molecular chlorine becomes especially significant. 
Table 24 contains the data for the oxidation of D-glucose at pH 2· 
and lower. A glossary is provided at the end of this dissertation to ·help 
the interpretation of this table and others like it. 
1. VARIATION OF RATE \-JITH INITIAL OXID.ANI' CONCENTRATION 
If a reaction is first order in a reactant then variation of the 
:initial concentration of that reactant should produce no change in the 
rate constant. Lichtin and Saxe (l) f'ound, however, that as the initial 
concentration of oxidant (the reaction b ei.ng first order in oxidant 
throughout individual runs) increased, the rate constant increased pro-
portionately. The proposed reason f'or this was that, as the concentration 
of total o:xidant increased, the fraction of oxidant present as chlorine 
increased. Since molecular chlorine reacts faster than hypochlorous acid 
in this system, the rate constant is larger at. high initial oxidant 
concentrations. Lichtin and Saxe have reported the variati.on of initial 
rate constant with initial stoichiometric oxidant concentration using 
glucose which had not been pre-equilibrated. The slope that they obta:in 
from a plot of initial rate constant ver::us initial oxidant concentration 
is virtually identical to that obtained in this research with equilibrated 
glucose. The individual rate constants reported here are slightly higher, 
hovrever. 
(1) N. N. Lichtin and M. H. Saxe, J. Am. Chern. Soc., 11, 1875 (1955) 
Table 24 
Glucose Data__! Series H3P04/H2PO~-
Run#. __L B.S,/B,R, Buffer ~ NaCl04 -;IJ- Density ( Ox)ox102 kxl.O" 
I-15 0.452 0.310/0.927 srn· 
- -
0,3]. 1.073 3.48 5.23 
I-16 0.452 0.310/0.927 srn - - 0,31 1.070 2.74 4.32 
I-17 0.453 0.310/0.927 STD - - 0.31 1.074 2.03 3,60 
I-18 0,450 0.306/0.471 2,3 - - 0,31 1.059 3,20 3.42 
I-19 0.453 0.310/0.927 STD ... - 0.31. 1.069 1.10 2.55 
I-20 0.447 o.5n/o.5oo 2.2 - ... 0.57 1.080 3.08 . 5. 75 
I-21 0.457 0,313/0.927 srn ... - 0.31 1.080 3.71 5.40 
I-22 o.596 2.924/1.089 ~ - - 2,92 1.405 0,92 11.3 
I-23 0.442 0.327/0.927 STD - 0,288 0,62 1,084 3.32 5.35 
I-24 0.268 0.320/0.927 STD ... - 0,32 1,066 3.32 4.68 
I-25 0.398 o. 274/0.927 SI'D - 2.532 2.81 1.256 2,28 7.42 
I-26 0.399 0.132/1.97 1.5 - 2.64 2.77 1.246 1.37 10.6 
I-27 0.462 0,302/9.50 1.0 - - 0.30 1,202 1.67 12.6 
I-28 o.448 0.030/9.67 1.5 - - 0,30 1.076 2.06 8.55 
I-29 0.452 0.307/9.24 1.4 - - 0.31 1.189 3.00 12.5 
I-30 0.448 0.305/7.39 1,4 - - 0.30 1.154 3.69 13.5 ~ 
Table 24 (cont.) 
Run fl. __L . B.S./B.R. Buffer NaCl NaC104 ~ Density (Ox)oxl02 kxl04. 
I-31 0.477 0.308/0.468 3.0 - - o.3I 1.062 4.64 1.28 
r-41 0.453 1.302/0.215 D - ... 1.30 1.143 3.07 3.83 
r-42 0.460 1.32-5/0.215 D - - 1.32 1.162 2.20 3.10 
r-43 0.454 1.303/0.215 D - - 1.30 1.144 1.60 2.70 
r-44 o.455 1.305/0.215 D - - 1.30 1.148 3.94 4.18 
r-45 0.456 1.309/0.215 D - - 1.31 1.149 3.48 3.92' 
r-46 0.453 1.301/0.215 D - - 1.30 1.142 2.37 3.18 
r-47 0.454 0.654/0.215 D - ·- 0.327 0.98 1.1l2 4.04 3.32 
1..;.48 0.457 0.660/0.215 D - 0.329 0.99 1.120 3.20 3.13 
r-49 0.473 0.682/0.215 D - 0.341 1.02 1.160 2.70 2.62 
r-5o o.467 0.671/0.215 D - 0.335 1.01 1.140 1.35 o.4o 
r-51 o.470 0.678/0.215 D - 0.338 1.02 1.151 1.51 0.83 
r-52 0.470 0.677/0.215 D - 0.338 1.02 1.15 2.69 2.47 
r-53 0.880 o. 295/0.926 STD - - 0.30 1.100 3.49 4.92 
r-54 o.l .. d1 0.622/0.211 D - 0.620 1.24 1.076 4.23 4.18 
I-55 0.425 0.608/0.211 D - 0.608 1.22 1.055 2.16 3.53 
r-56 0.471 1.414/0.33 A 0.375 - 1.79 1.160 3.38 22 •. 9 ~ 
Table 24· (cont.) 
Run Iff_ _jL B.S./B.R. Buffer NaCl NaClO,g., ~ Density (Ox)axl02 kxl04 
r-57 0.480 1.075/0.33 A 0.380 0.358 1.81 1.170 2.85 20.6 
r-58 0.473 0.708/0.33 A 0.376 0.708 1.79 1.152 2.28 21.1 
r-59 0.473 0.355/0.33 A 0.377 1.065 1.80 1.149 4.14 16.6 
I-60 0.479 1.434/0.067 c 0.380 
-
1.81 1.162 3.94 14.1 
I-61 0.476 1.072/0.067 c 0.379 0.357 1.81 1.155 3.93 . 13.0 
I-62 0.476 0.715/0.067 0 0.379 0.715 1.81 1.155 4.79 14.8 
I-63 0.479 0.360/0.067 c 0.381 1.076 1.82 1.161 4.46 12.9 
I-64 0.482 1.446/0.33 B 0.096 0.287 1.83 1.187 2.92 ·14.0 
I-65 0 .. 471 1.062/0.33 B 0.094 0.635 1.79 1.159 2.99 13.0 
I-66 o.477 o. 714/0.33 B 0.095 0.997 1.81 1.168 2.55 12.6 
I-67 0.472 0.353/0.33 B 0.093 1.341 1.79 1.154 2.56 12.7 
I-68 o.472 o. 708/0.33 A 0.376 0.708 1.79 1.152 3.25 17.9 
I-85 0.477 0.310/0.927 srn 
- -
0.31 
-
2.08 4.58 
I •93 o.477 0.310/0.927 srn 
- -
0.31 
-
4.15 6.82: 
I-94 0.477 0.310/0.927 STD 
- -
0.31 
-· 
4.05 6.68 
I-95 o.477 0.310/0.927 STD 
- -
0.31 
-
3.12 5.94 
I-97 0.477 0.310/0.927 STD - - 0.31 .. 3.92 6.05 
I-98 o.479 0.310/0.927 srn 0.31 2.09 3.97 ~ - - -
Table 24 (cont. )1 
Run IIi G B.S./B.R. Buffer ~ NaC104 ~ Densi._ty (O~)nxl02 . kx1.04 
I-99 0.477 0.310/0.927 STD 
- -
0.31 
-
3.07 5.10 
I-100 0.477 0.310/0.927 STD 
- -
0.31 
-
1.27 2.65 
I-101 o.473 0.355/0.33 - .k 0.376 1.064 1.80 
-
3.04 17.2 
I-102*- o.5o3 o. 707/0.33 A 0.374 0.707 1.79 
-
1.63 18.8 
I-103*- o.516 0.310/0.927 STD 
- -
0.31 .. 3.73 6.85 
I-104-;& 0.517 0.310/0.927 STD 
- -
0.31 
-
3.84 ~6; 87 
I-105* 0.491 0.310/0.927 STD 
- -
0.31 
-
3.97 6.22: 
I-106*- 0.478 0.310/0.927 STD 
- -
0.31 
-
2.85 5.90 
I-107*- 0.471 0.310/0.927 STD 
- -
0.31 
-
2.35 4.67 
I-108*- 0.477 0.310/0.927 STD 
- -
0.31 
-
3.63 5.71 
I-109*- o.487 0.310/0.927 STD 
- -
0.31 
-
3.86 6.23 
I-llJl:*- 0.497 0.358/0.33 .A_ 0.378 1.073 1.81 1.161 3.66 17.3 
I-117* 0.497 1.054/l.o X 0.759 
-
1.81 1.192 3.57 19.5 
I-118* o.515 o.526/l.o X o. 759 0.526 1.81 1.170 2.81 19.7 
I-ll9* o.5o8 1.434/0.33 A 0.380 
-
1.81 1.186 3.ll 21.7 
I-120* 0.486 1.442/0.33 B(l) o.o96 0.287 1.82 1.194 2.63 13.4 
(1) Added 0.047 grams of mercuric acetate. 0\ 
N 
Figure 5 iJ..lustrates the variation of initiaJ. rate constant with 
initiaJ. oxidant concentration • . The runs pertaining to the points an the 
graph are all in the I series. They are: 15, 16, 17, 19, 21, 97, 98, 99, 
and 100. The full line in figure 5 represents the best line through these 
points "t-Jhereas the dashed line is based on reported data by Lichtin and 
Saxe. 
The variation :in rate can be· eliminated by adding NaCl to the 
reaction nd.xture. Thus at any particular chloride ion concentration the 
fraction of o:xidant present as chlorine remains constant • 
2. ORDER IN GLUOOSE 
All ld.netic runs in this research were carried out with a large 
excess of D-glucose. Previous investigations(l) have revealed that the 
reaction is first order in D-glucose. This is to be expected if D-glucose 
takes tart in the rate determinihg step. 
The order in glucose has been checked using equiJ..ibrated solutions 
of D-gluoose. The data which were used are I-24 arrl 53, as well as the 
full line in Figure 5. The order has been calculated by taking the 
second order rate constant and multiplying by the ooncentration of 
glucose. This converts the second order rate oonstant to a pseudo first 
order constant. The quotient of the pseudo first order constant divided by 
the concentration of gluoose used in that particular run to some expo-
nential power, n, should equal the quotient of the same terms obta:ined 
from a solution containing a different glucose concentration. Runs I-24 
an:i I-53 can be used as follows: 
(l) a. N. N. Lichtin am M. H. Saxe, J. Am. Chern. Sq_c., ]1, 1875 {1955) 
b. E. A. ShiJ..ov and A. A. Yasnikov, Ukrain, Khim, Zhur, ~' 595 (1952) 
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liter mole 1. mole 
(4.68 x 10-4 mole-sec) (0.268 literj = (4.92 x 10-4 iiiOle-secA (0.880 liter) 
(0.268)n · (0.88o) · 
n = 1.05 
All the determinations of the order in substrate reported here are 
carried out in the same manner as above unless specifically stated 
otherwise. This procedure is equivalent to the following. 
In the presence of a large excess of substrate,kobS' = k (substrate)n or 
log kobs = log k + n log (substrate). To solve for n, apply the data of 
runs I -24 arrl I-53 • 
log(l.25 x l0-4) =log kf n log(0.268) 
log(4.33 x 10-4) = log k f n log(0.880) 
n • 1.05 
The kobs used here is a pseudo first order rate constant derived 
from the oonstant in table 24 by multiplying by the concentration of 
glucose. This is legitine.te because the second order rate constant was 
obtained as::.1lllling a first order dependence on reductant. 
In the example cited above, the order in glucose was determined by 
utilizing runs I-24 and I-53. It is also possible to utilize each of 
these runs in conjunction with the full line in figure 5. '!his is done 
by taking the value of k from figure 5 which oorresponds to the initial 
oxidant concentration of :ron I-24 or I-53. In doing this, the value for 
the order in glucose employing run I-24 is 1.21 and using run I-53 the 
value is 0.92. 
From these three values of the order in glucose it is fairly well 
established that. the order is one or very close to it. The average of 
the three values is 1.06 .:t 0.10. Therefore, it has been established that 
glucose enters into the rate determining step am this is in agreement 
l'Tith several other woikers. 
3. SALT EFFECT STUDmS 
The e:f'feot; of changes in ionic strength on the rate of reaction was 
studied by adding either potassium perchlorate or rodium perchlorate. 
The results o:r runs I-15, I-23, and I-25 can be compared with the f'ul.l 
line in figure 5 to show that a change in the ionic strength from 0.31 
to 0.62 mole/liter results in no appreciable change :in the r ate constant. 
However, when the ionic strength is increased to 2.81 moles. /liter there 
is an 85% increase in rate. This suggests the possibility that the 
rate-determining step is a reaction between ions or at least one of the 
reactants is an ionic specie. HovTever, a closer inspection of the data 
reveals that there is a secondary salt effect. As the ionic strength 
increases the concentration of hydrogen ions mcreases because the 
concentration dissociation constant; of the acid component of the buffer 
is ionic strength depement. The magnitude of the change in dissociation 
constant 'With va:cy-ing concentrations of electrolytes bas been revealed 
by Lugg(l). Therefore, data of this sort are very difficult to interpret 
quantitatively. 
If the reaction between glucose and chlorine water at this pH were 
one between ions in whole or in part, then a two-fold change in ionic 
strength should produce a noticeable change in rate. The data listed 
above indicate no appreciable change, therefore ,_ the reaction is one 
between neutral molecules or a neutral molecule and one ion. 
(1) J. W. H. Lugg, J. Am. Chern •. Soc., ~' 2554 (1931) 
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4. EVALUATION OF CATALYTIC CONgrANTS 
The experimentally determined rate constant is composed of a rate 
constant for the uncatalyzed reaction plus the sum of the rate constants 
for each catalytic species times the concentration of that species or 1 
II-1 Ox Ox ~ Ox kobs • ko + · kci Ci 
where koOx refers to the uncatalyzed reaction. 
Consider, as an illustrative example, the oxidation of gl.ucose at 
pH 2. 
II-2 
It is obvious that if the pH is kept constant the above equation is reduced 
to 
II-3 Ox Ox Ox Ox -kobs =- ko + ~aJ'04 (HaJ'04) + lrH2ro4 - (H2P04 ) 
where k~ = k + ~ (It") + ~~- (OH-) 
The assumption is now made that the catalytic effect of phosphoric 
acid is negligible (see pg. 155). Therefore, equation II-3 reduces to 
. Ox Ox- Ox 
II-4 ~bs = kO + k}i PO - (HJ>04-) 
I 2 4 
A plot of kobs versus the concentration of dihytlrogen phosphate 
should yield a straight line with a slope equal to the catalytic constant 
of clihydrogen phosphate, ~PO _, ar.rl an mtercept of koOx • 
2 4 
Figure 6 sh~1s these plots at different chloride ion concentrations. 
The results of these plots are recorded below. (Runs I-56 to I-68) 
Ox 2 2 kH PO - = 5.6 x l0-4 liter /mole -second at (Cl-) of 0.38 molar 
2 4. 
koOx = 1.5 x 10-3 liter/mole-second a:t (Cl-) of 0.38 molar 
k X 10.;.:, 
:ater 
OOie .:second 
:;o -
0 
e 
<D 
-----~0 
: .. ..,. .. ,..-------1-·------:--~~---i 
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"" 0.067 
0. 4 0.8 1.2 1.6 
EaP64- Cone . 
moles/liter 
Ox 
k__ = 1.1 x 10-4 liter/mole-second at (cl-) of 0.09 molar 
.1i2P04-
ko0x = 1.2 x lO-a; liter/mole-second at (cl-) of 0.09 molar 
B. OXIDATION OF D-GLU<DSE AT AIDur pH 2.8 
1. VARIATION OF RATE WITH INITHL OXIDANT CONCENTRATION AND EVALUATION 
OF CATALYTIC CONSTANrS 
As is the case with pH 2 data, the rate increases as the initial 
concentration of the oxidant increases. This is shown in figure 7. 
Figure 7 is composed of two graphs. Graph (a) represents data in 
a solution 1.3 molar :in dihydrogen phosphate and graph (b) in a solution 
0.67 molar in diliydrogen phosphate. Neither set of solutions cont ained 
added chloride ion. The circled points in each case correspond to 
values obtained from the logarithm of the oxjdant concentration versus 
time, and the crossed points correspond to the values obtained from 
plots of the oxidant concentration versus time. It is noted that agree-
rnent is good, whether zero order or first order plots are used, when the 
buffer salt concentration is 1.3 molar. 
This situation is exemplified in runs :in which the buffer salt 
concentration has been decreased to 0.66 molar. figure 7b (based on 
runs I-44 to I-52, 54, 55) shows that points obtained from zero order· 
plots give a reasonable result whereas points derived from first order 
plots do not. This is additional information which aids the conclusion 
that at pH 2.8 the reaction is beginn:ing to depart from first order 
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kinetics. That this is not a direct effect of the hydrogen ion concentration 
but rather an effect of the hydrogen ion concentration on the chlorine . 
water equilibrium will be shown in the analysis of the data section deal-
ing with the oxidation at pH 2 .8 in solutions of sodium chloride. 
It X 10·~ 
J.i ·i;c;r/mole-sec • 
k z 10':0 
J.i:iier / roole --:'!10C. 
!nitiaJ. o.:.oi::ld!:mt. cone .. (r~. E.ig) 
=0 
= 1~01 moles/liter 
(b) 
Runs I-47 to I-52 
0.01 0.02 0.03 
· o 
0 { i· • -'+ 
It should be noted that although some of the kinetic runs behave 
accord:ing to zero order kinetics, the tables of data contain second order 
rate constants. The conversion of a zero order plot to a second order 
rate constant is made on tre basis (as derived for IOOthyl-o(-D-glucoside) 
that the rate expression is 
II-5 V = k (Ox)0 (G). 
Obviously this is a pseudo zero order e:xpresaion since the reductant is 
present in excess and the initial oxidant concentration is a constant 
quantity. 
2. CAT.ALITIC EFFECT OF illHYDROGEN PHOSPHATE AT pH 2.8 
71 
The runs used to calculate the catalytic efficiency of dihydrogen 
phosphate are I-60 through I-63 incl.usive. These data have been tabulated 
in f~e 8. Unfortunately, in these runs ldth added rodium chloride 
there are no data available which w:mld confirm that the rate is independent 
of the initial ox:irlant concentration. However, there is no reason to 
believe that it should be different than in the case of pH 2.1 (runs I-58, 
68, and 102), particularly since the rate increase with increase in initial 
oxidant concentration ldthout added chloride is much greater at pH 2.1 
than at pH 2.8. This corresponds to a larger fractional. change of total 
oxidant present as chlorine at pH 2.1 when compared 'With that at pH 2.8. 
It is interesting to note that in run I-63 which has 0.36 molar 
dihydrogen phosphate and 0.38 molar added sodium chloride, a log (Ox) 
versus tiln.e plot is perfectly linear for at least 50 percent reaction. 
The addition of rodium chloride, therefore, lessens the degree of departure 
from first order kinetics. If it can be concluded that this is not an ionic 
~~ == 0.067 
Fa.Cl .., 0.58 mole/lltsr 
2.0 l ,_. ....--1o~.....;=..o-----c;-O-
k 4 103 1.0 
liter/mo~e-sec ~ 
0 
0 0.2 0. 4 0.6 0.8 1 .0 1 .2 1.4 
Na~2PO~ (moles/l.iter) 
l"lgure 8 
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strength effect, then a possible explanation is that the departure from 
first order kinetics is caused by the presence of larger proportions of 
hypochlorous acid. 
The catalytic constant for dihydrogen phosphate at this pH is 
calculated from figure 6. 
Ox ~~ is negligible. 
-!l2P04-
k2x = 1.2 x 10-3 liter/mole-second at (cl-) of 0.38 molar 
Comparing these values with those on page 67, it is found that ~x 
is in fairly good agreement. This is to be expected because the data on 
page 53 show the fraction of oxidant present as molecular chlorine is the 
same under both sets of conditions. 
C. OXIDATION OF D-GLUCOSE AT pH 4.6 
The oxidation of D-glucose by aqueous chlorine at this pH is slower 
than at pH 2.1 and pH 6.5. The kinetics of the oxidation is very similar 
to that at pH 2.8 in that the order in oxidant is either first or zero 
order depending on the concentration of added chloride ion. The state-
ment that the order in oxidant is either zero or first order means that 
respective plots are in closer agreement to first or zero order over the 
portion of reaction covered. These data are summarized in table 25. 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
From figure 9 (based· on runs C-1 to C-16) it can be seen that there 
is an effect on the rate constant of increasing the initial concentration 
of oxidant. 
The effect is very similar to that recognized at pH 2.1 and 2.8 in 
that as the initial oxidant concentration increases the rate constant 
increases. It is noted that this effect is smaller than that occurring 
at pH 2.1 and 2.8, particularly at the lower buffer concentration. This 
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2.0 
~.0 
(GLUCOSE) 
T -· . . 
'fY "-Q9 --l.lY ~ l-/Q\_~ 10r /G\ 
-, 
L 
-r---0.02 ~----0. 03 --l-·- · - -0.04 ----·-f 0.05 
0 OAc- '"" o.hS . . 
· mol#:">/1·" t. ~ - , ~J. ,IQ!,"' 
'-'Y 0Ac- :!!: o. 24 mole,'~! i '· -"·~;er 
Table 25 
Gluoo se Data:._C Series HOAc/NaOAc 
Run/i. _Q_ e.s./B.R. Buffer 1!!Q! NaC104 ~ Densjjiy (Ox)~02 kxl04 
C-1 o.L.73 o.L85jl.o E 
- -
0.48 1.051 3.90 3.33* 
C-2 0.472 0.242/1.0 E 
-
0.237 0.48 1.058 3.38 1.87* 
C-3 0.471 0.484/1.0 E 
- -
0.48 1.050 4.46 3.34* 
C-4 0.473 0.242/l.O E 
-
0.236 0.48 
-
4.07 2.06M-
c-5 0.474 0.484/l.O E 
- -
0.48 
-
2.56 2.64* 
C-6 0.474 0.242/1.0 E 
-
0.237 0.48 
-
2.31 1.71* 
C-7 0.472 0.484/l.O E 
- -
0.48 
-
1.30 2.72-r--
C-8 0.474 0.242/l.O E 
-
0.237 0.48 
-
1.25 1.78-* 
C-9 0.472 0.484/l.O E 
·- -
0.48 
-
2.97 3.0.3* 
C-10 0.474 0.242/1.0 E 
-
0.237 0.48 
-
2.15 1.84* 
C-11 0.472 0.484/1.0 E 
-
.. 0.48 
-
4.04 3.47* 
C-12 o.472 0.484/1.0 E 
- -
0.48 
-
2.97 3.2.5-* 
C-13 0.472 0.484/1.0 E 
- -
0.48 
-
0.90 2.59* 
C-14 0.412 0.484/l.O E 
- -
0.48 
-
2.62 3.09* 
C-15 0.471 0.484/l.O E 
- -
0.48 
-
2.39 3.20* 
C-16 0.469 0.484/1.0 E 0.096 
-
0.58 
-
5.12 4.79* 
-.:I 
\1'1. 
Table 25 (cont.) 
Run# G B.S.JB.R. Buffer NaCl NaC104 ~· Dens~~ _{Q~)0xl02 kx104 
C-18 0.482 1.068/l.O F 0.769 
-
1.84 1.123 4.;b 19.8 
C-19 0.474 o. 788/l.O F 0.757 0.262 1.81 l.ll2 3.16 15.8 
C-20 0.475 0.524/l.O F 0.756 0.524 1.8o 1.120 3.02 13.2 
C-21 0.476 0.264/1.0 F 0.760 0.791 1.82 1.133 2.76 10.0 
C-23 0.474 1.051/l.O G 0.236 0.521 1.81 1.125 3.51 21.7 
C-24 0.470 0 .. 781/1.0 G 0.2.34 0.774 1.79 1.122 3.70 17.2 
C-25 0.473 0.523/l.O G 0.235 l.Oh2 1.80 1.136 3.58 12.6 
C-26 0.471 0.262/1.0 G 0.235 1.312 1.81 1.142' 2.88 8.70 
C-27 0.481 1.062/l.O H o.059 0.708 1.83 1.143 4.67 9.04* 
C-28 0.477 0.790/J..O H 0.059 0.965 1.81 1.142 4.27 7.10* 
C-29 0.482 0.530/J..O H 0.060 1 •. 238 1.83 1.158 4•21 5.27* 
C-30 0.480 0.265/1.0 H 0.059 1.502 1.03 1.164 3.87 3.17* 
C-31 0.475 o.fffJjl.o I 1.142 
-
1.80 1.100 3.64 17.6 
C-32 0.1+74 0.494/1.0 I 1.139 0.164 1.80 1.102 3.70 15~3 
C-33 0.477 0.3.31/1.0 I 1.142 0.331 1.8o l.llO 3.27 12.5 
C-34 0.484 1.067/1.0 F 0.769 
-
1.84 1.123 3.04 20.3 
0-35* o.5o1 0.662/1.0 I 1.145 
-
1.81 1.103 3.63 17.6 
-.J 
0'\ 
Table 25 (cont.) 
Run#. G B. s~~-•H-~ ~:t~ ~ NaC104 ~ Dens~t.x _(Ox).o.x:L.9_~ kxJ.04 -~--
C-36>.:- 0.509 1.051/1.0 G 0.237 0.521 1.81 1.128 3.30 17.6 
C-37-'.:· 0.241 1.038/1.0 ii o.o.58 o.6921 1.79 1.121 3.26 12.4* 
In all cases WJ. ere an asterisk follows the rate constant value, the rate constant is 
derived from zero order plots of o:x:i.d ant versus time • 
-.1 
-.1 
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is to be expected since the fraction of oxidant present as h~ochlorous 
acid, which is probably the major oxidant, does not change much with changes 
in initial oxidant concentration. From figure 9, it can be concluded that 
the chlorine reaction is more susceptible to acetate catalysis than is 
the hypochlorous acid reaction. This conclusion is based on the fact 
that the rate constant increases at a faster rate with increasing initial 
oxidant concentration when 0.48 mole/liter of sodium acetate is present 
than when 0.24 mole/liter of sodium acetate is present. 
2. ORDER IN GLUCOSE AT pH 4.6 IN THE PRESENCE OF 0.060 MOLAR OODIUM CHLORIDE 
The order in glucose is calculated according to the method shown on 
page 65 with a slight modification. It bas been assumed that 1-tlen the 
data ooey zero order kinetics the corresponding rate equation is: 
II-6 -d(Ox)/dt = k(Ox)0 (G) 
The experimentally determined constant, which is dependent on the initial 
oxidant concentration, is used to determine the reaction order. Therefore., 
in order to compute the order in glucose, it is necessary to take into 
consideration the initial concentration of oxidant. ConsequentJ.y, 
utilizing Runs C-27 and C-37, the order in glucose is determined as follows: 
.26 X 10-2 M.E. 
n = 1.06 
3. EVALUATION OF CATALYTIC CONSTANTS 
The equation relating the rate constant to al.l possible catalytic 
species is as follows: 
II-7 Hubs = ko Ox+ ko~c-(OAc-) + ~Ac (HOAc) + k~ (OH-) + ~~h- (OCl-)· 
The concentration o:f hypochlorite ion is a function of pH and of 
the oxidant concentration and equation II-7 will be revn-itten, on the 
assumption tha:t the hypochlorite ion ooncentration is negligible. 
Also, ~~Ac is asSUIOOd to be ne g.ligible. 
koOx = k8 + ~~- (Oil) 
Figure 10 (based on :runs C-18 to C- :1:>) shows plots o:f kobs versus 
the concentration o:f acetate ion at :four different chloride ion con-
centrations. Evaluation of the values :for ~0- and ~x was carried 
out using equation ll-8. The results are shown in table 26. 
Table 26 
Catalytic Constant :for OA,c- at Various 
Added NaCl ko~c-
moles/liter liter2/mole2-sec. 
1.14 
0.76 
0.24 
o.o6 
1.65 X 10-3 
1.22 X 10-3 
1.69 X 10-3 
7~5 X 10-4 
D. OXIDATION OF D-GLUOOSE AT pH 6 
Cl- Concentrations 
kOx: 
"0 
liter/mole-sec. 
6.9 X 10-4 
6.7 X 10-4 
4.2 X lQ-4 
1.2 X 10-4 
The oxidation of glucose at this pH by chlorine water is :first order 
m oxidant. The rate o:f oxidation at this pH is :faster than under any 
other conditions in this investigation. At this pH there is no longer 
any need to be concerned with the presence o:f molecular chlorine; 
however, the presence o:f hypochlorite ion derived from the ionization 
of hypochlorous acid must be considered. 
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(GLUCOSE} 
PH 4.6 
Ra.Cl "" 1.14 mole/li·eer 
o .. r.: 
~---------4----------+--------~}----------?:---------~ 0.2 0 .. 4 0 .6 0.8 1.0 
Concentration of Na.OAc (mole/lite:r:<) 
• 2.5 . We.Cl "' 0.76 mole/liter ~ l JaO:'\c ~ 2.o - ~e ::t l.o ___ __..o~ 
~- ---f~ I ..----/·~·· 
.s J. . 5-t- - - ---- \ :; 
;q I ~~·CY 
t'l t ,;...------~ ·~ . 0 _--<:)~--
~ ------oM -0.5 ~ 
I 
l 
0 L-----:--------;..---------}·~---+---~-·------1 
· 0.2 o.£~ o.6 o.8 .l.o 
HaCl ez 0.24 roole/!iter 
OAe 
Jl OA.c = 1.0 
0 
..._ __ ~ '""""i-i --li---+---1....---+- ---·-~l·----~-+---:~----1---i 
0.2 0 . 4 0.6 0.8 1 .. 0 
Concentmtion of RaOAc {mole/li ter ) 
JZ9.Cl = 0. 06 mole /ll ter 
~ .0 . 
-0--------0 i . -Q-·-- - · 0 5 ' . ---: . -----
0 f_ J :---+---:~~-~·--+-----~·--!-~-·-{ 
0.2 0 . !~ 0.6 0.8 1.0 
1. VARIATION OF RATE \VITH INTIIAL OXIDANT CONCENTRATION 
Figure 11 (based on runs I-36 to I-40) is a plot of the initial oxidant 
concentration versus rate constant. Inspection of this figure reveals 
that there is a slight effect of initial oxidant concentration. However, 
this cannot be a result of the chlorine hydrolysis equilibrium because 
of the lack of molecular chlorine present at this pH. This variation 
in rate is considered in the analysis of the data section dealing with 
the evaluation of catalytic constants. 
2. ORDER IN GLUCOEE' AT pH 6.5 
The order in glucose is calculated according to the method shown on 
page 65. Runs I-72 and I-115 are employed in the calculation. 
(4.05 x 10-a liter/mole•sec)(0.480 mole/liter)/(0.480 mole/liter)n • 
(4.55 x 10-a liter/mole-sec)(0.247 mole/liter)/(0.247 mole/liter)n 
n • o.83 
This value for the order in glucose appears to be within the experi-
mental error of unity. Correction for (Ox) would not alter this 0 
3. EFFECT OF .ADDED CHLORIDE ION conclusion. 
Runs I-37, I-38 and I-39 illustrate the lack of effect of added 
sodium chloride. The agreement vTith runs carried out without added 
chloride is very good as indicated by the crossed points in figure 11. 
At most, the increase in ionic strength resulting from added sodium 
chloride amounts to 11 percent. This is too small a change to warrant 
any conclusions regarding the effect of changing ionic strength. 
4. EVALUATION OF CATALYTIC CON3rANTS 
Runs I-69 through I-77, I-110 and I-112 illustrate the catalytic 
effect of buffer components and hydroxide ion and/or hypochlorite ion. 
li'Ger /mole. ._sec. 
(GLUCOSE ) 
<1)0·57 mOle/liter BPO~= 
g:~~ mole/liter Nae1 
e 1 .14 mole/liter l!PO.o:: 
no Na.Cl 
-----·{[) 
Initial orldant concentration (P.t.E./g) 
J?lgure ll 
8 .. ) 
Table 27 (cont.)'; 
Run_ fi_ G B.S,/B.R, Buffer ~ NaC104 
I-77 0,477 0.,172/2.0 N 0.,095 0,858 
I•llO*- o.495 0,428/1,0 M 0,095 
-
I-112* 0,503 0,215/l.o M 0.095 o .. 858 
I-115* 0,247 o,423/l.o M 0,093 
-
~ Density 
1,81 1 .. 145 
1,80 1,119 
1.81 1.143 
1.79 1,108 
(Ox)axl02 ; 
5.03 
4.47 
4.00 
4.86 
kxl03 
2.13 
4.3a~ 
3 .. 06 
4.55 
CD 
Vl. 
86 
Figure 12 contains plots of rate constant versus the concentration of 
monohydrogen phosphate at three different buffer ratios. The three catalytic 
constants obtained by the conventional method of determining the slope of 
the lines are recorded in the table below. .Also recorded are the values 
f kHOOl 0 0 • 
o.5 
1.0 
2.0 
Table 28 
Variation of Rate with Buffer Concentration 
$.2 
6.:B> 
s.1 
liter /mole-sec 
2.80 
1.57 
The rate constants used to determine these values were not 
corrected for initial oxidant concentration effects. The dependence 
of rate on the initial oxidant concentration shown in figure 11 is 
so small that over the range of initial oxidant concentrations 
employed in these experiments (o.o4oo-o.o531 M.E./g.) it can be_ 
ignored. 
III. OXIDATION OF 11 GLUCONO- d -LACTONE" 
The data for the oxidation of 11 glucono-l-lactone" are listed 
in tables 29 to 31. A first order dependence on the oxidant concentration 
at all hydrogen ion concentrations investigated was observed. The only 
significant difference between the 11 glucono- [ -lactone" kinetics and 
( ·'IFJCOS"-': ' 
6.1 
5.0· 
~. 
---i----'~·-l~---~----J:---· ,t----j;;.- --·1---;l-._ __ _.~-~'~', 
,., 
4., 
.. k' x. 10a 3.o-l 
l:.i. ter /filO'l£ -sec. 
2.0 
0.1 0.2 0.:5 0.4 
l..~L 
' ,_. ---r---1---· -ll~--11-...,.. -+----1-· i·· . +---- l 
0.1 0.2 0.3 0.4 0.5 
,., 
!~.o-~ 
, . ~~-
. 0. ___.-o·~ ~ 
l .• oL. :----· 
,-~·-~-i ·--:----}~--
O.J. 0 .. 2 o. :; o ...... 
Table 29 
11 Glucono- f-lactone~' Data-D Series H3 P04/H2P04-
Rnnli. G B.S./B.R. Buffer ~ NaC104 r Density _( Qx)_n_xl,02 kx104 -
D-26 0.0512 1.515/0.33 A 0.401 
-
1.91 1.159 0.341 15.4 
D-27 0.0514 o. 153/0.33 A 0.401 0.378 1.91 1.152 0.346 13.7 
D-28 o.o507 0.153/0.33 A 0.399 0.753 1.91 1.142 0.287 11.2' 
D-29 0.0503 1.~0/0.33 B 0.100 0.298 1.90 1.160 0.387 15.1 
D-30 0.0521 1.137/0.33 B 0.100 0.680 1.92 1.165 0.355 13.8 
D-31 0.0520 o. 153/0.33 B 0.100 1.052 1.91 1.150 0.372 12.3 
D-32 0.0525 1•505/0.067 c 0.399 
-
1.90 1.133 0.394 37.7 
D-33 0.0519 1.127/0.067 c 0.398 0.315 1.90 1.130 0.368 35.8 
D-34 0.0503 0.756/0.067 c 0.401 0.756 1.91 1.135 0.331 33.8 
D-35 0.0482 0.325/0.93 STD 
- -
0.32 1.044 0.308 8.67 
D-36 0.0486 0.323/0.93 STD 
- -
0.32 1.037 0.693 8.90 
D-37 0.0474 0.323/0.93 STD 
- -
0.32 1.037 0.460 10.0 
D-38 0.0476 0.324/0.93 STD 
- -
0.32 1.041 o.619 9.02 
D-40 0.0519 0.376/0.33 B 0.1CO 1.135 1.91 1.135 o.LJ59 9.40 
D-42 0.0944 1.510/0.33 B 0.100 0.301 1.91 1.174 o.Lt37 11.4 
CX> 
CX> 
Table 29 (cont.) 
Run# G B.S./B.R. Buffer NaCl NaClO~ 
-JL. Density (Ox)nx102 
D-45(l) 0.0520 o. 757/0.33 B 0.101 1.058 1.91 1.158 0.465 
D-45R(1 ) 0.0512 0.758/0.33 B 0.101 1.060 1.92 
-
0.357 
D-53 o.om HC104 v - ... 1.82 1.098 0.276 
(1) Initial t:!Jne is taken as the moment of introduction of glucono- .b"·-1actone . 
kx:l04 
14.Z 
13.5 
o.o9 
():) 
'0 
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the data for other substrates is that a lower oxidant concentration was 
necessary; otherwise the rate of oxidation was too rapid " at pH 4 and 6. 
A. OXIDATIONS AT pH 2.1 and 2.8 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENrRATION 
Inspection of runs D-3.5 through D-38 :indicate that there is not 
much change in rate over the initial oxidant concentration range studied. 
This is a decided difference from the behavior of glucose. However, it 
should be noted that the concentration range studied is very snall 
in comparison to ihat studied for d-glucose. This small change is 
in the direction of a faster rate with hypochlorous acid. If this is 
so, the rate of oxi.dation in perchloric acid should be small. With 
the intention of determ:ining this, run D-53 was carried out :in perchloric 
acid solution. The rate of oxidation in this very acid solution, mere 
virtually al.l oxidant is present as molecular chlorine, is noted to be 
negligible. 
2. ORDER IN 11 GLUCONO- l -I.ACTONE11 AT pH 2.1 
The order in "glucono- f -lactone" was calculated using runs D-29 
and D-42. 
(1$.1 X 10.4) ~0.0503) _ (ll.4 X 10-4~~0.0944) (o.o5o3) - (0.09 . n 
n = 0.55 
Therefore, the order in 11 glucono- cf'-lactone11' is approxjmately 
one-half. 
3. CATALYTIC CONSTANTS FOR DIHYDROGEN PHOSPHATE 
The catalytic constant for dihydrogen phosphate was oomputed from 
figure 13 in the oonventional manner. The values arrived at are 
mole-second 20 
~E 2 .. 1 and 2 .8 
ttglucono- b"-J.sc:tooo" 
:)----0-_.( 
___{":)- --~'-" - pl! 2.8 
I 
0-
_  ----<f{j)--
--- ·. -~ 
10 t pH 2.1. 
., 
1~---r~----· -!----· --+r-·,...-·-:-1~1---1-~--:-~--: 
0.2 0.4 0.6 0.8 ~~0 1.2 1 . 4 1.6 
0 0. 400 mo.la.i:' !!aCl 
@ 0 .. 100 moh'r. Im.C:l 
5.3 x 10-3 liter2/mole2 -second from data at pH 2.1 and 4.9 x 10-3 
liter2 /mole2 -second from data at pH 2.8. The close agreement in 
catalytic constants is proof of the absence of generalized acid 
catalysis since at pH 2.8 there is one-fifth the buffer acid con-
centration present at pH 2.1. The values for the uncatalyzed rate 
Ox 
constants, ko , are 7.7 x 10-4 liter/mole-second at pH 2.1 and 30.1 
x 10-4 liter/mole-second at pH 2.8. The differences in ~x values 
are attributed to the differences in the ratio of gluconate ion to 
total reductant. 
~. . OXIDATION OF GLUCONO- [-LAGrONE WITHOUT PRIOR EQUILJJ3RATION 
In an attempt to determine if a higher proportion of glucono-
cJ-lactone had an effect on the rate, two runs, D-45 and D-45R, were 
carried out without prior equilibration of the glucono- d -lactone in 
solution. In these runs the initial time was taken as the time of 
introduction of the g.lucono- tf-lactone into the chlorine water-buffer 
mixture. It is obvious that the rate increases but very slightly on 
comparing these runs with run D-31. 
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The equilibration data recorded on page 24 indicates that it takes 
approxmately 15 minutes for glucono- cf'-lactone to equilibrate at pH 2.1. 
Since the half l:iles of the above runs were approximately 2•3 hours, it 
is concluded that the rates reported above are valid for equilibrated 
solution and not for a solution conta.ining a higher proportion of 
glucono- J ·-lactone than the equilibrated solution. 
B. OXIDATION OF "GLUCONO-d -LACTONE" AT pH 4.6 
In contrast to the oxidation of glucose in acetate buffer where the 
rate is slowest, the following data serve to show that the oxidation 
of an equilibriwn mixture of "glucono-f/' -lactone" is faster at this pH 
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than at all other hydrogen ion concentrations investigated in this 
research. Unfortunately, no data were obtained which could be used to show 
a variation of rate with initial oxidant concentration. 
l. ORDER IN "GLUCONO- eil'-LACTONE11 AT pH 4.6 
The order in "glucono-cf-lactone" at this pH may be determined 
using the data from runs 5, 6, 17, 44 and 48 in the D series. The data 
are recorded in table 30. 
The following value for the order in 11 glucono- o -lactone" is 
arrived at using the data from solutions c~ntaining 0.80 moleiliter 
of sodiwn chloride. 
log (6.20 x l0-4 ) =log k + n log (0.0266) 
log (10.6 x l0-4 ) = log k + n log (0.0505) 
n = 0.87 
Using the data from solutions containing 1.21 mole/liter of sodium 
chloride, the following value is obtained. 
log (6.68 x 10~4 ) = log k + n log (0.0276) 
log (12.8 x 10-4 ) = log k + n log (0.0473) 
n = 1.20 
The order in 11 lactone 11 is indistinguishable from unity. 
Table 30 
nGlucono- S-lactonen Data-D Series HOAc/NaOAc 
Rtm # G B_.,_S./J3 ,R. Buffer NaCl NaC104 ~ Density (_Ox )o_x102 lod03 ~- - - - --- - -
D-1 0.0365 0.055/l.O F 0.079 o.o55 0.19 1.003 o.5~ 9.33 
D-2 o.o403 O.ll0/1.0 F 0.079 
-
0.19 1.001 0.507 12.6 
D-3 0.0496 1.114/l.O F o.8o 
-
1.91 1.087 0.502 28.3 
D-4 0.0502 0.830/1.0 F 0.79 0.27 1.89 1.088 0.502 22.3 
D-5 0.0505 0.546/l.O F 0.79 o.54 1.88 1.082 0.452 21.0 
D-6 0.0266 0.552/l.O F o.8o 0.56 1.91 1.090 0.479 23.3 
D-7 0.0512 0.276/1.0 F 0.79 o.82 1.89 1.100 0.513 15.5 
D-8 0.0513 0.837/1.0 H 0.063 1.02 1.92 1.125 0.496 16.6 
D-9 0.0517 0.558/1..0 H 0.062 1.301 1.92 1.134 o.55o 16.8 
D-10 0.0505 0.276/1.0 H 0.062 1.568 1.90 1.133 0.524 15.3 
D-ll 0.0508 1.114/1.0 H 0.062 0.742 1.91 l.ll3 0.480 18.0 
D-12 0.0512 0.837/1.0 F o.8o 0.28 1.92 1.095 0.468 23.7 
D-13 0.0524 0.557/l.O F o.8o 0.55 1.92 1.103 0.454 19.8 
D-17 0.0506 0.694/1.0 I 1.20 
-
1.89 1.070 0.427 22.3 
D-18 0.0513 0.523/1.0 I 1.21 0.175 1.91 1.078 0.427 21.7 
\,() 
+=:" 
Table 30 (cont.) 
~-if G 13.3./B.R. ~uffer ~ NaC104 :)d- Densit:y (Ox)ox102 
D-19 0.0.512 0.3.50/1.0 I 1.21 0.350 1.91 1.090 0.4.22 
D-39(l) 0.0.507 0.548/l.O H 0.061 1.279 1.89 l.ll4 0.767 
D-43 0.0513 0.176/1.0 I 1.2ll o.525 1.91 1.097 0.543 
D-44 0.0276 0.702/l.O I 1.214 
-
1.92 1.079 0.4.57 
D-48 0.0473 0.701/1.0 I 1.212 
-
1.91 1.084 0.347 
D-49 0.0464 0.17.5/1.0 I 1.211 0..526 1.91 1.100 0.374 
(1) Initial time is taken as the moment of introduction of the glucono- ~-lactone 
kx1Q3_ 
19.7 
33.5 
14.6 
24.2 
27.0 
17.0 
\0 
\1\ 
2. EVALUATION OF CATALYTIC CONSTANTS 
Figure 14 is a plot of rate constant versus the concentration of 
acetate ion at three different concentrations of sodium chloride. 
Evaluation of the catalytic oonstants at this pH follows. 
At a chloride ion concentration of 1.21 mole/liter: 
kOx = 12.8 x 10-3 liter/mole-second 
0 
At a chloride ion concentration of 0.80 molar: 
~~c = 15.9 x 10-3 liter2 /mole2 -second 
koOx = 10.8 x 10-3 liter/mole-second 
.A:t a chloride ion concentration of 0.062 molar: 
k~c = 3.2 x 10-3 liter2/mole2 -second 
~x = 14.5 x 10-3 liter/mole-second 
These results show an interesting trend. As the ooncentration of 
chloride ion increases the value of the catalytic eonstant for acetate 
ion increases. 
3. OXIDATION OF GLUCONO-d-LACTONE WITHOUT PRJ:OR EQJTI.IBRATION 
One run was carried out to check the effect of increasing the 
proportion of total carbohydrate present as glucono- [-lactone. Run 
D-39 (initial time taken on introduction of lactone to the oxidizing 
mixture) was carried out with non-equilibrated glucono- [ -lactone and 
is compared with run D-9. 'lhe results show that the rate is increased 
100% when the oxidation is carried out on non-equilibrated glucono-
.f -lactone. The half life of equilibration is approximately 30 minutes 
as compared to 14 minutes for the half life of runs D-9 and D-39. 
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k X !c:P 
(liter/ mol e- sec) 
Concentration Na.O!lc (mole/ liter) 
c:J UaCl ~ 0. 8 mol e/ liter 
e l!a.Cl = 0 ,. 00 ru.ole/li~G'<!Yf.' 
(~, Nacrl ~ 1 .21 mole/liter 
Consequently, it is concluded that glucono- J'-lactone is oxidized at a 
much faster rate than gluconic acid or gluconate anion. 
C. OXIDATION OF 11 GLUCOUO- J -LACI'ONE'1 AT ABOUT pH 6 
The rate of reaction of equilibrated "glucono- l -lactone" solutions 
at this pH is approxinately the same as that at pH 4.6. 
No effort 1>1as made to test the dependence of rate constant on the 
initial oxidant concentration. 
1. ORDER JN IIQLUCONO- d -LACTONE" 
The order in carbohydrate is calculated from D-22 and D-41:-
n = o.Bl 
This order is based on solutions having a buffer ratio of one and 
containing 0.100 molar sodimn chloride. It is possible that this value 
is indistinguishable from tmity. 
2. EVALUATION OF CATALYTIC CO!BTANTS 
The behavior of monohydrogen phosphate ion is quite peculiar with 
this substrate. Instead of showing tre usual increase in rate with 
increasing monohydrogen phosphate concentration, the rate is oppositely 
affected. The data are recorded in table 31. 
Figure 15 contains plots of rate constant versus the concentration 
of monohydrogen phosphate ion at three different hydrogen ion concen-
trations. From figure 1.5 the values of table 32 are found. 
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k1 lt loS 
( li t-~:r / mole-
sec.) 
16.0 
11.0-
10.0 
9.0 -1 
I 
8.0 1 ~--i----<:·----1 
0 O.l 0.2 0. 3 
("':"\ 
...  :...; 
e () 
2 .. 0 a.cld/oalt bufie:l:' ratio 
0.5 butf~r ratio 
. 1.0 buffer ra-tio 
Table 31 
11 Glucono- [ :..lactone" Data-Series H2 P04 •jr-IP04 = 
B.S./B.R. 2 l&lo 3 Run ft _ G Buf'fer NaCl NaQ104 ~ Den_f!ity _(Ox)0 x10 
D-14 0.0510 . 0.358/2.0 N 0.099 
-
1.89 1.095 o.507 10.8 
D-15 0.0518 0.269/2.0 N 0.099 0.447 1.89 1.102 0.478 12.4 
D-16 0.0514 0.179/2.0 N 0.099 o.895 1.89 1.112 0.525 14.1 
D-20 0.0504 . 0.451/1.0 M 0.099 
-
1.90 1.091 0.514 8.78 
D-21 0.0524 0.339/1.0 M 0.099 0.451 1.91 1.103 0.517 9.48 
D-22 0.0522 0.224/1.0 M 0.099 0.896 1.89 1.108 0.476 11.0 
D-23 0.0516 0.5'16/0.5 L 0.100 
-
1.91 1.086 0.488 8.46 
D-24 0.0508 0.383/0.5 L 0.099 0.447 1..89 1.087 0.526 9.74 
D-25 0.0518 0.258/0.5 L 0.100 0.903 1.91 1.112 0.479 10.9 
D-41 0.0275 0.227/1.0 M 0.101 0.908 1.92 1.118 0.604 12.4 
D-46(1) 0.0525 0.454/1.0 M 0.100 
-
1.92 1.110 0.465 66 
D-50 0.0509 0.365/2.0 N 0.101 
-
1.93 1.117 0.378 n.o 
D-51 0.0509 0.273/2.0 N 0.100 0.454 1.92 1.124 0.396 . 11.9 
D-52 0.0524 0.182/2.0 N 0.101 0.911 1.92 1.132 0.401 13.5 
(1) Initial time is taken as the rooment of introduction of glucono- [-lactone 
8 
Rate and Catalytic 
lo-14 - aw-
mole/liter 
6.o x 10-9 
1.6 X 10-8 
4.0 X 10-8 
Table 32 
Constants vs. Hydrogen Ion Concentrations 
kHOCl kOx HPo4= o 
liter2/mole2-sec. liter/mole-sec. 
-15.0 X 10-3 
-9.8 X 10-3 13.0 X 10-3 
-9.4 X 10-3 
3. OXIDATION OF GLUCONO- [-LACTONE WITHOUT PRIOR EQUILIBRATION 
Run D-46 was carried out on non-equilibrated gluc~no- ~~lactone 
(the initial reaction time is the moment of introduction of t~e glucono-
~-lactone). The rate was extremely fast and is compared with run D-20 
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carried out with equilibrated lactone. No significance should be attached 
to the value reported because the reaction was almost too fast to measure. 
Nevertheless, it is interesting to note that on increasing the pH the 
rate of oxidation of glucono- 2\-lactone per se is increased significantly. 
IV. OXIDATION OF METHYL- d. -D-GLUCOSIDE 
A. EXPLANATION OF ZERO ORDER KINETICS 
As has been the case in this kinetic investigation, the loss of 
"active" chlorine with respect to time was followed. The oxidation 
of "glucono- d -lactone" (present in excess) showed linear plots when 
the logarithm of the oxidant concentration was plotted verus time. 
Kinetically this indicates that the reaction is first order with 
respect to oxidant. At first glance there is no reason to expect 
that if the substrate present in excess is changed to methyl- o( -D-
glucoside there should be a change in the order of reaction. Never-
theless, the oxidation of methyl-o( -D-glucoside does not exhibit 
pseudo first order kinetics but rather pseudo zero order kinetics in 
oxidant. In addition it was found that the reaction rate showed a 
dependence on the initial oxidant concentration. These results can be 
accommodated if it is assumed that the zero order behavior is a function 
of two consecutive steps. Thus: 
(IV-1) -d(Ox)/dt = kl.(Ox)(G) + k2 (0x)(P) = constant -
d2 (0x)/dt2 = kl.Gd(Ox)/dt + kaPd(OxYdt + ka(Ox)dP/dt = o 
assume dP/dt = 0 or steady state approximation 
therefore, 0 = k1 G d(Ox)/dt + k2 P d(Ox)/dt 
or 0 = kl.G d(Ox) + k,aP d(Ox) 
integrate, 0 = k1 G(Ox) - k1 G(Ox)0 + k2P(Ox) 
thus, kaP(Ox) = kJ. G(Ox) 0 - k1 G(Ox) 
substituting into equation (IV-1) yields 
-d(Ox)/dt = k1 (0x)G + kJ.G(Ox)0 - k1 (0x)G 
(IV-2) -d(Ox)/dt = kJ.(G)(Ox) 0 
From the above solution it can be seen that if the slope of the 
plot o.f oxidant concentration versus time is divided by the glucoside 
concentration and the initial oxidant concentration the result will be 
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kl., which is a second order rate constant with units of liter/mole-second. 
Typical zero order plots are shown in figures 16 am 17. These are 
representative of plots at pH 2.1, 4.6 and 6.2. They reveal the close 
adherence to pseudo zero order kinetics and indicate the extent to which 
the reaction was followed. 
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B. OXIDATION AT pH 2.1 
A number of' runs were carried out at this pH testing the effects of' 
the variation of' buffer concentration, initial oxidant concentration and 
chloride ion concentration on the rate of reaction. The results are 
significant and interesting. Table 33 lists the data for this substrate. 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
Runs 16 through 19 in the A series contain the same concentrations 
of buffer components, sodium chloride and methyl- c(-D-glucoside. In 
other words the only variable is the initial concentration of oxidant. 
An inspection of' the data from these runs reveals that as the initial 
concentration of oxidant is increased the rate is decreased. A result 
of this sort is obviously not the consequence of the variable fraction 
of total oxidant present as hypochlorous acid because the value for the 
fraction has been stabilized by added sodium chloride. 
other experiments have been carried out testing the variation of 
rate with initial oxidant concentration without added sodium chloride. 
The results are recorded in runs 28 through 31. They conclusively 
establish that there is no variation of rate with initial oxidant 
concentration. This can be explained by assuming the rates of oxidation 
by both molecular chlorine and hypochlorous acid are approximately the 
same. A check on this theory is accomplished by noting the rate of 
reaction in a solution of perchloric acid. Note runs 81 and 82. In 
perchloric acid solutions all oxidant should exist as molecular chlorine. 
The rate constant obtained is not exceptionally different from those 
obtained in runs 28 through 31 where more than 5CP/o of' the oxidant is 
present as hypochlorous acid. 
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Table 33 
Methyl- c<-D-glucoside--A Series H3P04 /H2P04 -
Run#_ 
_Q_ B.S./J?.R. Buffer NaCl NaCl0.4. ~ _:Q~sity _(Ox )_n__x102 kxJ..05 
A-16* 0.499 1.}.0.6/0 .33 A 0.375 
-
1.79 1.174 3.25 8.63* 
A-17-1,~ 0.488 1.418/0.33 A 0.376 
-
1.79 
-
2.00 10.0* 
A-18·)1- O.h84 1.418/0.33 A 0.376 
-
1.79 
-
3.58 8.13* 
A-19-:t 0.486 1.418/0.33 A 0.376 
-
1.79 
-
2.81 9.17* 
A-20·:~ 0.485 0.712/0.33 A 0.377 0.712 1.80 1.163 3-44 8.47~'~-
A-21* 0.480 o. 704/0.33 A 0.373 0.704 1.78 1.151 2.78 8.58-~ 
A-22* 0.483 0.351/0.33 A 0.373 1.055 1.78 1.148 3.19 9.14* 
A-23~'~- 0.495 0.353/0.33 A 0.374 1.059 1.79 1.152 1.51 9 .86~-
A-24~~ 0.492 1.420/0.33 B 0.095 0.282 1.80 1.182 3.02 4. 78* 
A-25* 0.490 1.416/0.33 B 0.094 0.282 1.79 1.179 1.68 4.72* 
A-26* 0.488 0.353/0.33 B 0.093 1.328 1.78 1.161 3.28 4.28-:t-
A-27''i'~ 0.486 0.352/0.33 B 0.094 1.325 1.78 1.157 2.09 4.39* 
A-28-:1- 0.484 0.305/0.93 STD 
- -
0.30 1.067 2.84 3.14* 
A-29·:!- 0.1+78 0.303/0.93 STD 
- -
0.30 1.057 2.33 3.61* 
A-30->1- 0.478 0.304/0.93 STD 
- -
0.30 1.058 4.24 3.69* 
b 
~ 
Table 33 (cont.) 
2 5 
RunJ G B.s.jB.R. Buffer NaCl NaCl04 F DeiM>itr _(Qx)a:lf]..Q lodO 
A-31* 0.481 0.303/0.93 STD 
- -
0.30 1.057 3.60 3.69* 
A-32-:~ 0.485 0.355/0.33 A 0.375 1.063 1.79 1.155 3.70 8.25* 
A-3Jl~ 0.481 0.354/0.33 B 0.094 1.342 1.79 1.161 4.33 4.h2* 
A-54* 0.869 0.288/0.93 SI'D 
- -
0.29 1.085 2.46 2.71* 
A-59~'* 0.486 0.355/0.33 B 0.094 
-
0.45 1.073 2.77 6.14* 
A-60-l~ 0 • .501 l.h16/0 .067 c 0.376 
-
1.79 1.156 3.04 10.4-~ 
A-13* 0.264 0.316/0.93 STD 
- -
0.32 1.056 3.46 6.19* 
A-76* o:.920 1;.343/0.33 A 0;.356 
-
1.70 1.203 1.57 7 .11-:~-
A-8Hr 0.485 HC104 v - - 1.80 1.123 2.14 2.96-:f. 
A-82-:l- 0.497 HC104 v - - 1.80 1.123 1.87 2.66!1-
•f-1 g 
2. ORDER IN METHYL- o( -D-GLUCOSIDE AT pH 2 .l 
Four runs were made which can be used to determine the order in 
glucoside. 
In the presence of a large excess of substrate 
kobs = kactual(substrate)n 
or log kobs = log kactual + n log (substrate) 
Thus, using runs 54 and the average of runs 29 through 31, 
log (2.35 x l0-5 ) = log kactual + n log (0.869) 
log (1.75 x 10-5 ) =log kactual + n log (0.480) 
n = 0.50 
From runs 54 and 73, 
log (2.35 x 10-5 ) = log kactual + n log (0.869) 
log (1.63 x 10-5 ) = log kactual + n log (0.264) 
n = 0.31 
The results indicate that the order in methyl-o< -D-glucoside 
is much less than one. 
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3. EVALUATION OF CATALYTIC CON3r.ANTS 
As has been pointed out above, the second order constants calculated 
from data collected at a constant chloride ion concentration of 0.37 
molar show a dependence on the initial oxidant concentration. Conse-
quently it is not possible to carry out a determination of the catalytic 
constant of dihydrogen phosphate under these conditions. The data 
collected at a constant chloride ion concentration of 0.09 molar show 
no such dependence on the initial oxidant concentration; therefore, 
these data can be used to determine tile catalytic constant. 
The average value for the rate constant in a solution 1.42 molar 
in dihydrogen phosphate is 4. 75 x 10-5 liter/mole-second. The average 
value for the rate constant in a solution 0.35 molar in dihydrogen 
phosphate is 4.36 x 10-5 liter/mole-second. The difference between 
these values is quite small and probably within experim:mtal error, 
therefore, it can be concluded that catalysis by H2P04 - is negligible. 
4. SALT EFFECT 
Run 59 ,.;as carried out with an ionic strength of 0.45 as compared 
to runs 26 and 27 which had an ionic strength of 1. 78. The results 
show that on decreasing the ionic strength to approximately 1/4 of its 
original value, the rate constant is increased 42_% . This probably 
does not indicate a reaction between ionic species. It is more likely 
that either large changes in the ionic strength, such as above, would 
produce appreciable changes in the magnitude of the rate constant for a 
reaction taking place between neutral IOOlecules leading to an observable 
effect, or the salt may be acting on the buffer equilibria. 
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C. OXIDATION AT pH 4.6 
The experiments at this pH were carried out at either of three 
different chloride ion concentrations and varying buffer concentrations • 
.All rates >·lere determined .from pseudo zero order plots. The data are 
recorded in table 34. 
1. VARIATION OF RATE WITH INITIAL OUDANT CONCENTRATION 
Checks on the variation of rate with initial oxidant concentration 
have been carried out at two chloride ion concentrations. At a sodllun. 
chloride concentration of 1.13 molar the average of three runs (A-34, 
35 and 55) containing o.65 molar sodium acetate is (15.6 ~ 0.5)x 10-5 
liter/mole-second. This would indicate no variation of rate over a two-
f'old change in initial oxidant concentration at this chloride ion con-
centration. The average of runs A-38, 57 and 77 at a sodium chloride 
concentration of 0.058 molar and 1.04 molar sodium acetate is (26.4 ~ 
0.8) x 10-5 liter/mole-second, again indicating no variation in rate 
with initial oxidant conc~ntration. 
2. ORDER IN METHYL- o( -D-GLUCOSIDE AT pH 4.6 
Two runs were carried out with the specific purpose of evaluating 
the order in glucoside at this pH. Using runs 40, 56 and 63 in the A 
series, the f'ollowing values f'or n were f'ound. 
Thus, since kobs = k (G)n 
log k b = log k + n log (G) 
0 s 
Using runs A-40 and A-56: 
log 11.1 x 10-5 = log k + n log (0.877) 
log 7.31 x 10-5 =log k + n log (0.478) 
n = 0.69 
lll 
Table 34 
Methyl- o(-D-glucoside--A series HAc/NaAc 
2 6 
Run# G B.S./B.R. Buffer NaCl NaC104 .~ De11.5itx _(~)~_Q kx:lO 
A-34-l~ 0.488 0.654/1.0 I 1.131 
-
1.78 1.096 3.91 16.0-~ 
A-35-l<- O.h89 0.657/1.0 I 1.136 
-
1.79 1.099 2.19 16.0* 
A-36* 0.482 0.329/1.0 I 1.137 0.329 1.80 1.109 3.82 ll.l* 
A-37-l< 0.483 1.038/1.0 G 0.234 0.514 1.79 l.ll5 2.75 29.2* 
A-38-l!- O.h97 1.037/1.0 H o.o58 0.691 1.79 1.125 3.90 26.1* 
A-39~-r 0.482 o. 781/1.0 H 0.059 0.953 1.79 1.135 3.33 19.~ 
A-40-:l- o .L~ 78 0.520/1.0 H 0.058 1.211 1.79 1.137 2.65 15.3* 
A-41-l} 0.490 0.258/l.O H o.o58 l.h63 1.78 1.146 3.18 8.2~ 
A-42-l< 0.478 0.779/1.0 G 0.234 0.776 1.79 1.12h 2.79 24.o-;} 
A-43~< 0.493 o.523/l.o G 0.236 1.040 1.80 1.139 2.91 17 • .3* 
A-44-:} 0.482 0.259/1.0 G 0.234 1.293 1.79 1.142 1.96 12.0* 
A-5~ 0.491 0.653/1.0 I 1.128 
-
1.78 1.094 3.45 14.9* 
A-.56-} 0.877 0.491/1.0 H o.o56 1.147 1.69 1.159 2.18 12.7* 
A-57·)l- 0.494 1.048/1.0 H 0.059 o.699 1.81 1.135 2.37 27.6lt 
A-63-l<- 0.264 0.539/1.0 H o.o60 1.255 1.85 1.134 3.62 15.3-:} 
1-1 
1-1 
N 
'l'ab1e 34 (cont.) 
Thm# G B.S.jB.R. Buffer NaC1 NaC104 r Density (Ox)0 xl02 kx:l05 - -
A-77* 0.487 1.046/1.0 H 0.059 0.697 1.80 1.132 2.45 25 .4-:t 
A-78~~ 0.488 0.524/1.0 H 0.059 0.349 0.93 1.085 3.05 n.o-:t 
E 
Using runs A-40 and A-63: 
log 7.31 x l0-6 =log k + n log (0.478) 
log 4.04 x 10-6 = log k + n log (0.264) 
n = 1.0 
The discrepancy in n values at this pH may be a result of different 
concentrations of reductant on the complex formation equilibria. 
It is noted that the order in glucoside is higher at this pH than 
at pH 2.1. This may be · a result of different mechanisms for the 
chlorine and hypochlorous acid reactions. 
3. EVALUATION OF CATALYTIC CONSTANTS 
The catalytic constant for acetate ion can be determined from runs 
A-34 to A-44, A-55, 57, 77. Figure 18 reveals . that at a chloride ion 
concentration of 0.058 molar, k81c- = 23.3 x 10-5 liter2 /mole2 -second 
and ~x = 2. 7 x 10-6 liter/mole-second. When the chloride ion con-
centration is increased to 0.234 mole/liter, kQ~c- = 22.8 x 10-6 
liter2 /mole2 -second and koOx= 5.9 x 10-6 liter/mole-second. A change 
in the chloride ion concentration to 1.14 mole/liter yields ko'1c- = 
12.4 x 10-5 liter2/mole2~second arrl ko = 6.9 x 10-6 liter/mole-second. 
On the surface the values for the catalytic constants do not appear to 
ll4 
agree. An increase in the chloride ion concentration produces an increase 
in the magnitude of koOx• This cbes not agree with the fact that the rate 
constant for hypochlorous acid is of the same order of magnitude as 
that of chlorine unless catalysis by chloride ion is operative. 
4. S.AL T EFFECT . 
One run, A-78, was carried out at half the usual ionic strength. 
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Comparison of the experimentally determined rate constants for this run 
and run A-40, which differs only in the ionic strength and initial 
oxidant concentration, indicates that the rate is decreased 28% on 
decreasing the ionic strength from 1. 79 to 0.93. This is a large drop 
in ionic strength and the results do not show a large enough change to 
warrant the statement thgt the reaction is one between ionic species. 
It is poss:ible that the reversal in the sign of the salt effects on 
going from pH 2.1 to pH 4.6 is a result of a different effect on the 
buffer equilibria. 
D. OXIDATION AT pH 6.5 
Unlike the oxidation of "glucono- J -lactone", methyl- o( -D-glucoside 
shows an increased rate at pH 6.5 as compared with pH 4.6. This be-
havior is comparable to that noted in the oxidation of D-glucose. 
The oxidation of methyl- o\ -D-glucoside at this pH shows an increased 
rate of reaction with increasing initial oxidant concentration. All 
reaction rates were zero order. 
1. V.ARIATION OF RATE 'WTI'H INITIAL OXIDANT CONCENTRATION 
Figure 19 is a pl,ot of the initial o:xidant concentration versus 
rate constant. The increase in rate constant with increasing initial 
oxidant concentration is more pronounced :in this case than in the 
case of the oxidation of D-glucose. However, this cannot be the result 
of the chlorine hydrolysis equilibrimn because of the lack of molecular 
chlorine at this pH. It is assumed that the reason for this is the 
same as tm t in the D-glucose case, i.e., catalysis by hypochlorite ion. 
The data which reveal this are recorded in the section dealing with the 
evaluation of catalytic constants. 
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Table 35 
Nethyl- o( -D-glucoside--A series H2 P04 - /ffPo4 = 
F/:u}}_il. G B.S.JB.R. Buffer NaCl NaC104 ~ J:)_eJl§J tx ~)nx102 1&105 -
A-45-::- 0.486 0.424/1.0 M 0.093 
-
1.79 l.U2 3.19 60.4* 
A-46-ll- 0.484 0.318/1.0 M 0.093 0.423 1.79 1.122 2.90 52.1* 
A-47~'(- 0.483 0.212/1.0 M 0.094 0.849 1.19 1.134 2.26 41.0-lr 
A-48* 0.490 0.484/0.5 L o.o94 .. 1.79 1.106 4.11 .76.9* 
A-49-l~ o.5oo 0.362/0.5 L 0.093 0.423 1.78 1.121 2.91 71.1* 
A-50* 0.492 0.242/0.5 L 0.094 o.B45 1.79 1.131 3.06 64.4* 
A-51* 0.486 0.340/2.0 N 0.094 
-
1.79 1.127 4.01 41.2-r~ 
A-52-ll- 0.493 0.254/2.0 N 0.094 0.424 1.79 1.135 2.64 34.&~ 
A-53* 0.495 0.169/2.0 N 0.094 0.850 1.79 1.145 3.01 28.4* 
A-58* 0.922 0~399/1~0 M 0.087 
-
1.68 1.136 2.79 42.5-l* 
A-61* 0.495 0.425/1.0 M 0.094 
-
1. 79 1.119 2.12 52.1* 
A-64-l* 0.497 0.424/1.0 M 0.094 
-
1.79 1.115 2.04 50.3* 
A-65.;~ 0.255 0.441/1.0 M o.o98 
-
1.86 1.110 3.40 88.4* 
A-66* 0.489 0.377/1.0 0 0.281 
-
1.79 1.ll2 2.68 56.3-:l-
A-67-'k 0.488 0.424/1.0 M 0.094 
-
1.79 1.117 3.19 58.4-ll-
t:: 
-J 
Table 35 (cont.) 
2 !Odo 5 Run# G B.S./B.R. Buffer NaCl NaClOA 
-f&- Density (Ox)~Q_ 
-
A-6& 0.490 0.377/1.0 p 
- -
1.51 1.101 2.55 52.&-
A-69-."> o.50o 0.377/l.O p .. ~ 1.51 1.106 3.21 58.0i~ 
A-70·)( 0.498 0.378/1.0 p 
-
...- 1.51 1.104 4.38 63.& 
A-71-l~ o.486 0.378/J..O p 
- -
1.51 1.104 1.50 50.3-l:-
A-72-l~ 0.491 0.426/1.0 M 0.094 
-
1.80 1.119 4.71 60.8* 
A-74* o.L82 0.106/1.0 M o.093 1.269 1.79 1.147 4.59 LI.L* 
A-75* 0.481 . 0.105/J..O M o.o94 1.271 1.79 1.146 1.84 28.2* 
A-79-Y.. 0.491 0.214/1.0 M 0.094 
-
1.16 1.082 2.93 46.1-* 
A-80~~ 0.488 0.086/2.0 N 0•590 0.785 1.80 1.144 3.3h 24. 7-:t 
~ 
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Using runs A-61 and A-65 
log (5 .89 x 10-6 )=log k + n log (0 .495) 
log (3.80 x l0-5 )=log k + n log (0.255) 
n = 0.97 
Average value for n = 1,08. 
3. SALT EFFECT 
In run A-79 the ionic strength was reduced £rom the conventional 
1.80 to 1.16 to determine the effect on the rate of reaction. The 
result of this run is to be compared with run A-47 which was carried 
out nnder identical conditions except for the ionic strength. An 
inspection of the data shows that the rate has increased 11.!%. This 
increase is negligible in view of the large change in ionic strength 
considered. Therefore, it is concluded that the oxidation of methyl 
- d... -D-glucosid e at this pH is not a reaction between ionic species. 
V. METHYL-p1 -D-GLU COSIDE 
It has been reported that methyl-:-p -D-glucoside exists as a 
hemihydrate(l). This is substantiated by the analytical results for 
carbon and hydrogen which correspond closely to the hemihydrate and 
not too well to the anhydrous material. 
The rate constants obtained and recorded are second order rate 
constants which w·ere obtained from first order plots except in the case 
of the exper:Ur.ents carried out at pH 2 without added sodium chloride in 
which case the rate constants were obtained from zero order plots. The 
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(1) A. 1. Raymond and E. F. Schroeder, J. Am. Chem. Soc., 70, 2785 (1948) 
rm1s pertaining to the oxidation of methyl-} -D-glucoside are those in 
the E series am are recorded :in tables 37, 38 and 39. 
A. OXIDATION AT pH 2.1 
The data are recorded in table 37. 
1. VARIATION OF RATE WITH IIIJITIAL OXIDANT CONCENTRATION 
A conclusion concerning the effect of initial oxidant concentration 
on rate can be obtained from runs E-9 to E-ll. These runs ~re carried 
out without any added sodium chloride. Although the reactions without 
added sodium chloride are pseudo zero order, the rate constants reported 
are second order rate constants. These runs obeyed zero order kinetics 
up to 50 (to ?5) percent oxidant losses. It has been assumed that the 
rate expression is 
-d (Ox)/dt = k (Ox) 0 (G) 
as is the case with metb.yl-o(-D-glucoside. This rate expression can be 
derived from a kinetic analysis of two consecutive reactions as is done 
on pag.e 102. Thus the rate constant above is a second order constant 
whereas the whole term on the right is zero order. An inspection of 
these runs indicated tbat the rate does not vary with :initial oxidant 
concentration. 
2. ORDER I N l'IETHYL-~-D-GLUCOSIDE 
Two runs were carried out with the purpose of determining the order 
in methyl-{S -D-glucoside at this pH. Using runs E-17 and E-22, the 
value for n, the order in methyl;£> -D-glucoside was found to be unity. 
(4.28 X 10-4)(0.463) (o.463)n = 
n = 1.10 
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Table 37 
Methyl~ -D-glucoside--E series H3 P04/H2 P04-
Run No. G B.S./B.R. Buffer NaCl 
--~
NaCl04 A Density (Ox)ox102 kx104 
E-9* 0.461 0.304/0.93 STD - - 0.30 l.o64 3.46 1.50* 
E-10* o.462 0.304/0.93 STD 
- -
0.30 1.063 2.J. 7 1.32* 
E-ll* 0.459 0.304/0.93 STD - - 0.30 1.065 4.08 1.48* 
E-17* o.463 1.417/0.33 B 0.093 0.281 1.79 1.181 4.27 4.28 
E-18* 0.464 1.424/0.33 A 0.377 
-
1.80 1.179 2.40 6.03 
E-19* 0.464 0.711/0.33 A 0.377 0.711 1.80 1.163 3.69 6.18 
E-22* 0.252 1.471/0.33 B 0.098 0.29g 1.86 1.178 3.49 4.03 
E-27* 0.466 1.424/0.33 A 0.377 - 1.80 1.182 2.93 6.43 
E-28* o.46o HCl04 v - - 1.80 1.116 2.83 4.42 
1-' 
~ 
3. EVALUATION OF CATALYTIC CONSTANTS 
Runs E-18 and E-19 were carried out to test the effect of buffer 
concentration on the rate. In run E-19 the concentration of buffer 
was one-half that of Run E-18 although all other variables were held 
constant, except the initial oxidant concentration which has been shown 
to have a negligible effect on the rate. The reaction is found not to 
be susceptible to catalysis by dihydrogen phosphate ion. 
A most :interesting observation is noted when one compares runs E-17 
and E-1~ which were carried out under identical. conditions except for 
the chloride ion concentration and the initial oxidant concentration. 
The varying :initial. oxidant concentration should have no effect on tile 
rate as we have seen. However, it is noted that at the higher chloride 
ion concentration the rate is faster. On this basis one would claim 
that the reaction is catalyz-ed by chloride ion. This can be proved 
by using run E-28 in conjunction w.i.th sone of the other data (see below). 
Run E-28 was carried out in strong perchloric acid solution. A 
solution of such high acidity will definitely force the chlorine water 
equilibrium to tile left with the result that virtually aJ.l the oxidant 
will be present as molecular- chlorine. Under these conditions it is 
to be expected that the rate constant obtained ~uld be indicative of 
the rate of oxidation by molecular chlorine. This statenent is a result 
of the assumption that the reaction is not susceptible to specific acid 
catalysis. Such an assumption appears reasonable in the light of run 
E-17 (pH 2.1), which conta:ined 0.093 molar added sodium chloride and 
which yielded a rate constant very simi.lar to that obtained in perchlorie 
acid solution. 
It can be stated that the rate constant for oxjdation of methyl~ 
-D-glucosid e by molecular chlorine is 
kCl2 • 4.4 x 10-4 liter/mole-second 
0 
B. OXIDATION AT pH 4.6 
The data are recorded in table 38. 
1. VARIATION OF RATE \iiTH INITIAL OXIDANT CONCENTRATION 
It has been shown that the variation of rate with initial oxU1ant 
concentration at pH 2 is negligible. At pH 4.6 there are three sets 
of runs lihich can be used to test the effect of initial oxidant con-
centration on the rate. Runs E-7 ani E-12 were carried out with an 
added dlloride ion concentration of 0. 75 mole/liter~ The results shOW" 
that the rate is independent of tile initial oxidant concentration over 
the range studied. Likewise runs E-14 and 15 were carried out with an 
added chloride ion concentration of 0.75 mole/liter but with half the 
buffer concentration of runs E-7 and E-12. The results again show that 
the rate is :independent of the initial oxidant concentration. One 
further set of runs, · E-8 and E-21 1 which contain 0.059 mole/liter of 
added sodium chloride, shows once more that the rate is independent of 
the initial oxidant concentration. 
2. ORDER IN HEI'HYL-~ -D-GLUCOSIDE AT pH 4.6 
The o:-der in methyl;b -D-glucoside can be detennined from the data 
of runs E-12 and E-25 by the previous method of calculation. 
n ... o.84 
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Table 38 
Methy1~p-D-glucoside--E series HOAc/NaOAc 
Run# G B.S./B.R. Buffer NaCl Na0104 ~ -
E-6* 0.465 0.574/1.0 J 0.752 0.470 1.80 
E-7-1~ 0.464 1.044/1.0 F 0.753 
-
1.80 
E-8* 0.465 1.046/1.0 H 0.059 0.697 1.80 
E-12* 0.462 1.041/1.0 F 0.750 
-
1.79 
E-14-l!- 0.461 o.570/J..o J 0.749 0~468 1.79 
E-15{~ 0.462 0.573/1~0 J 0.751 0.469 1.79 
E-20{!- 0.461 0.657/1~0 I 1.135 
-
1.79 
E-2b'i' 0.462 1.042/1.0 H 0.059 0.695 1.Bo 
E-25* 0.242 1.080/1.0 F 0.779 
-
1.86 
E-26* 0.462 0.521/1.0 H 0.058 0.696 1~28 
Density (Ox)axl02 
1.119 2.67 
1.104 3.38 
1.132 3.87 
1.102 2.83 
1.114 4.69 
1.117 3.04 
1.099 4.70 
1.126 5.04 
1.095 3.02 
1.079 3.91 
kx104 
3.53 
4.42 
5.47 
4.35 
3.12 
3.20 
3.35 
5.35 
4.83 
2. 73 
J-l 
1\.) 
0\ 
The order in methy1-P -D-glucoside is indistinguishable from unity 
in a solution containing 0.75 mole/liter of added sodium chloride. 
3. EVALUATION OF CATALYTIC CONSTANTS 
The effect of the buffer ooncentration on the rate of reaction can 
be determined by using the average of runs E-7 and E-12 in conjunction 
with the average of runs E-6, 14 and 15. These runs all contain o. 75 
mole/liter of added sodium chloride but differing buffer concentrations. 
The catalytic constant for acetate ion is determined by placing the 
proper values into the general equation (II-1) and solving for the 
catalytic constant. 
Ox Ox ( -, kobs = kO + kOAc- OAc 
4.38 X 10-4 • ~X ~ kQ~0-(1.042) 
Ox Ox ' 3.28 X 10-4 ~ kQ + kOAc-(0.572) 
k8~c- = 2.34 x 10-4 liter2/mole2-second 
kQOx • 1.94 x 10-4 liter/mole-second 
c. OXIDATION AT pH 6.5 
The data are recorded in table 39. 
The rate of oxidation of methyl~ -D-glucoside at this pH is first 
order in oxidant. The rate of oxidation is faster at this pH than at 
the ot~r two acidities. The reaction shows a large dependence on the 
initial oxidant concentration 'Which may indicate a catalytic effect 
due to hypochlorite ion. 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
Rtms 3, 13 arrl 16 in the E series (figure 20) show a variation 
:in rate with initial oxidant concentration. The variation is such 
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Table 39 
Methy1-;1 -D-gluceside--E series H2 P04 - /HP04 • 
B.S./B.R. Runi. G Buffer NaC1 NaC104 ~ -
E-1* 0.464 0.359/2.0 Q 
- -
1.80 
E-2* 0.462 0.358/l.O R 
-
0~358 1.79 
E-3~1- 0.463 0.358/0.5 3 
-
0.537 1.79 
E-4-ll- 0.467 0.449/l.O T 
- -
1.80 
E-5;~ 0.462 0.360/1.0 u 0.3 (:{J 
-
1.80 
E-1Jlt- 0.462 0.358/0~5 s 
-
0.531 1.79 
E-16rc- 0.461 0.358/0.5 3 ... o.537 1.79 
E-23* 0.700 0.433/J...O T 
-
... 1.73 
E-24* 0.466 0~226/1.0 T 
- -
0.90 
2 
D~nj:!ity {~1~0-
1.129 I 3.45 
1.127 3.04 
1.125 4.73 
1.120 3.19 
1.ll8 3.67 
1.126 3.06 
1.125 1.85 
1.133 3.94 
1.082 3.48 
k'x104 
9.65 
12.0 
18.4 
15.4 
11.4 
15~3 
n.5 
12.9 
10.4 
1-' 
N Q) 
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k X l.O- 4 16 
11 ter/mole-s3e 14 
12 
o.o1 o.02 o.o, o.o4 o.o5 
Initial Cxi~ant Ooneentration 
(W.E. /g) 
~'igure 20 
that if the initial oxidant concentration increases the rate increases. 
The same trend is evident even if a correction is made for the 
concentration of oxidant present as hypochlorous acid. In other 
words k' also increases as the initial oxidant concentration increases. 
This is attributed to the catalytic effect of hypochlorite ion. 
2. ORDER IN METHYL-) -D-GLUCOSIDE AT pH 6.5 
The order in methyl-~ -D-glucoside is calculated according to the 
method shown on page 65. Runs 4 and 23 in the E series are used in the 
calculation. The initial oxidant concentrations are similar enough 
so that no correction need be applied for catalysis by hypochlorite 
ion. 
3. EVALUATION OF CATALYTIC CONSTANTS 
The catalytic constants are evaluated on page 182. 
VI. OXIDATION OF ISOBUTYL7 -D-GLUCOSIDE 
.. -
To study the effect of aglycone structure on reactivity it had been 
planned that the methyl-, ethyl-, isopropyl- and tertiary butyl-beta-D-
glucosides would be employed. However, ethyl beta glucoside crystallized 
very slowly and once it crystallized was very hygroscopic. For this 
1 30 
reason another primary alkyl beta glucoside; namely, isobutyl beta glucoside 
was prepared. The data for these runs are tabulated in the G series. 
A. OXIDATION OF ISOBUTn.-p -D-GLUCOSIDE AT pH 2.1 
All runs with this Slbstrate were first order in oxidant. The data 
are recorded in table 40. 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
Runs 8 and 17 in the G series were carried out to test the effect 
of varying the initial oxidant concentration on the rate. The results 
show that the rate increases slightly with increasing initial oxidant 
concentration. However, this difference is considered to be within 
experimmtal error. 
2. ORDER IN IOOBUTYL-f' -D-aLUCOSIDE AT pH 2.1 
The order in isobutyl~ -D-glucoside can be calculated using runs 8 
and 12, which are virtually identical in initial oxidant concentration 
~well as everything else except the concentrations of isobutyl-/ -D-
glucoside. The order is calculated in the conventional manner. 
n • 1.13 
The order in isobutyl-;6-D-glucoside at pH 2.1 is, therefore, one. 
3. EVALUATION OF CATALYTIC CONsrANI'S AT pH 2.1 
An inspection of runs 8 and 10 warrants the statement that catalysis 
by dihydrogen phosphate ion oo es not take place at all, or only to a 
small extent. A 50% change in dihydrogen phosphate ion results in 
virtually no change in rate. 
JL3l. 
Table 40 
Isobutyl-/' -D-glucoside--G series H3P04/HaP04-
Fbm# G B.S./B.R. Buffer NaCl NaClQ... ~ Densit:y: (9?C)0 xl02 kx:l04 
('~ 0.417 1.411/0.33 A 0.374 .. 1.78 1.176 2.29 19.7 
G-9* o.U8 l.Llh/0.33 B 0.093 0.281 1.79 1.181 1.98 11.8 
G-10* 0.418 0.706/0~33 A 0.374 0.708 1. 79 1.162 1.73 19.4 
G-12* 0.217 1.472/0.33 A 0.390 
-
1.86 · 1.174 2.25 18.1 
G-17* 0.396 l.J.,l8/0~33 A 0.376 
-
1.79 1.175 3.07 21.8 
~ 
~ 
B. OXIDATION OF ISOBUTYL-~-D-GLUCOSIDE AT pH 4~6 
The data are recorded in table 41. 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
Three runs were carried out to check the variation of rate w.ith 
initial oxidant concentration in the presence of added rodium chloride. 
These three runs are 1, 15 and 16. Biln 15 is discarded on the basis 
that the oxidant concentration throughout the run was too small. This 
would increase the error in the rate constant determination. The data 
show that as the initial oxidant is increased the rate is but slightly 
changed. These experiments are not conclusive because of the small 
change in initial oxidant concentration; however, it is the best that 
can be done with the available data. 
2. ORDER IN ISOBUTYL} -D-GLUCOSIDE AT pH 4.6 
The order in isobutylJ -D-glucoside at pH 4.6 was calculated using 
run 13 and the average of runs 1 and 16~ 
(4. 75 X 10-4 )(0.4112_ • (5.02 X 10-4 )(0.217) 
o.4lin. 0.21~ 
n .,. 0.91 
3. EVALUATION OF THE CATALYTIC CO:NSTANl'S 
It is obvious from an inspection of run 3 and the average of 
runs 1 arrl 16 that there is some catalytic action by acetate ion. The 
catalytic constant can be easily evaluated by conventional methods., 
Ox . 3.53 x 10-4 = ko + kO.Ac- (0 • .569) 
4.75 x 10-4 = ko + ~0- (1.037) 
k8ic- = 2.6 x 10-4 liter2 /mole2 -second 
~x = 2.0 x 10-4 liter/mole-second 
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Table 4J_ 
Isobutyl~ -D-glucoside--G series HOAc/NaOAe 
:if 4 
Run It G B.s.(!3.R. Buffer NaCl NaCl04 ~ Densit_y (Ox)@O loclO 
G-1* 0.414 1.036/1.0 F 0.747 
-
1.78 1.100 3.30 4~88 
G-2* 0.418 1.034/l.O H 0.058 o.688 1.78 1.125 2.38 5.01 
G-3* o.LJ.9 0.569/1.0 J 0.746 0.466 1.78 1.115 2.31 3.53 
G-13* 0.217 1.080/l.O F 0.778 
-
1.86 1.096 2.40 5.02' 
G-]_5* o.LJ.9 1.037/1.0 F 0.748 
-
1.78 . 1.102 0.79 8.71 
G-16* 0.408 1.038/1.0 F 0.748 .. 1.79 1.102 .3.86 4.62 
t: 
+="' 
c. OXIDATION OF ISoBUTYL~-D-GLUCOSIDE AT pH 6.5 
The data are recorded -in table 42. 
1~ VARIATION OF RATE WITH INITIAL OXIDANT CONCllNTRATION 
Runs G-4 and G-14 show -an illcrease in rate with increasing initial. 
oxidant concentration. This is in agreement with what was found with 
other substrates, i.e., the concentration of hypochlorite ion influences 
the rate of reaction. 
2. ORDER IN IOOBUTYL-;6 -D-GLUCOSIDE AT pH 6 
The order in isobutyl-p -D-glucoside at this pH can be determined 
by using the data from runs 4 and 11. These runs were carried out with 
the same acid to salt buffer ratio as well as initial addant concen-
tration, therefore, no oorrection need be applied for catalysis by 
hypochlorite ion. 
(11.2 X 10-4 ) - _{0.4).6) 
o.ue>- -
This is assumed equal to unity. 
3. SALT EFFECT Si'UDY 
• (13.4 X 10-4 ) (0.2].8} 
0.218n 
n ... 0.73 
In order to determine the effect of changing ionic strength on the 
rate of reaction, run G-18 was carri~ out at one-half the conventional 
ionic strength of 1.80 moles/liter. The data from this run are to be 
compared with run G-4. 
For these two runs to be favorably compared, the rate constants 
' = -must be corrected for HP04 and OCl catalysis. However, a qualitative 
comparison indicates no large change with ionic strength. 
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Table 42 
Isobutyl-;8 -D-glucoside--G series HJ>04 .. /FfPo4• 
4 2 
Run# G B.s.jB.R, Buffer 
.llit.91 NaC104 ~ Df:gl!3_i~ (Qx_kxlQ k'x10 
G-4* 0.416 0.3.5.5/l.O R 
-
0 .3.5.5 1.78 1.121 3.19 11.2 
G-.5* o.LJJ.8 0.3.57/0 • .5 s 
-
o • .534 1.78 1.12.5 3· 78 1.5.1 
G-6* 0.419 0.447/1.0 T 
- -
1.19 1.121 2.8.5 10.7 
G-7-:f 0.416 0.3.56/l.O u 0.3.56 .. 1.78 1.113 3.41 10.2 
G-ll* 0.218 0.372/l.O R 
-
0.372 1.86 1.123 3.63 12.5 
G-14* o.h16 0.3.5.5/1.0 R 
-
0.3.5.5 1.78 1.123 1.21 8.1.5 
G-1~ 0.408 0.223/1.0 T 
- -
o.B9 1.070 4.45 12.9 
~ 
0\ 
VII. OXIDATION OF ISOPROPYL-~ -D-GLUCOSIDE 
The oxidations carried out on this substrate are tabulated under 
the F series. All runs were first order in oxidant. 
A. OXIDATION OF ISOPROPYL~ -D-GLUCOSIDE AT pH 2.1 
The data are recorded in table 43. 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
Two runs (F-6 and F-18) were carried out to check the variation 
of rate with initial oxidant concentration in the presence of sodium 
chloride. An inspection of these data suggest that there is no initial 
oxidant effect. Both of the above runs were carried out in the presence 
of 0.376 mole/liter of added sodium chloride. Unfortunately, plots of 
the runs without added sodium chloride exhibited too much curvature to 
determine a rate constant. 
2. ORDER IN ISOPROPYL) -D-GLUCOSIDE AT pH 2.1 
The order in this substrate at pH 2.1 was determined using runs 
6, 16 and 18 in the F series. The average of runs 18 and 6 was com-
pared with run 16 in the usual manner. 
(12.6 X 10-4 ) (0.252) _ (1~.2 X 10-4 ) (0.450) 
0.252n - . o.450n 
n = 1.20 
3. EVALUATION OF CATALYTIC CONSTANTS 
The effect of the dihydrogen phosphate ion concentration on the 
rate was determined by comparing the average of runs 6 and 18 with 
run 12. The average rate constant for runs 6 and 18 is 14.2 x 10-4 
liter/mole-second which is to be compared with 14.4 x 10-4 liter/mole-
second for run 12. The difference in the concentrations of dihydrogen 
phosphate ion is 0.706 mole/liter, therefore, it is concluded that the 
concentration of dihydrogen phosphate ion does not affect the rate. 
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Tabla 43 
Isopropyl-;6 -D-glucoside--F series H3P04/HaPo4-
Run il G 
-
B.s./B.R. Buffer NaCl NaC104 ~ ~ijiz (Ox) 0 xl02 kx104 
F-6* 0.450 1.418/0.33 A 0.376 
-
1.79 1.183 2.99 14.9 
F-11* 0.447 1.U7/0.33 B 0.094 o.a<32 1.79 1.185 3.76 10.3 
F-12·~ 0.447 o. 706/0.33 A 0.374 0.706 1.79 1.163 3.01 14.4 
F-16* 0.2.52 1.465/0.33 A 0.388 
-
1.8.5 1.172 2.58 12.6 
F-18* 0.451 1.421/0.33 A 0.376 
-
1.80 1.183 2.23 13 • .5 
t; 
0> 
B. OXIDATIDN OF ISOPROPYL) -D-aLUCOSIDE AT pH 4~6 
The data are recorded :in table 44. 
1. VARIATION OF RATE \VITH INITIAL OXIDANI' CONCENTRATION 
Runs 2, 3 1 4 and 13 can be used to check the variation of rate 
with initial oxidant concentration. Taking runs 2 and 4, which were 
run under identical conditions except for the initial oxidant con-
centration, it is noticed that the rate constants vary by approximately 
On compa.ring r'UilS 3 and 13 -which again were run under similar con-
ditions except for the initi~ oxidant concentration, the rate constants 
agree perfectly with one another. These results conclusively establish 
that the rate does not vary with the initial oxidant concentration :in 
the presence of' added rodium chloride over the initial oxidant con-
centration range studied. 
2. ORDER ll1 ISOPRJPYL-~ -D-·GLUCOSIDE AT pH 4.6 
The order in substrate can be determined by using the data from 
runs 17 and the average of runs 2 and 4. 
(4.92 X 10•4 )(0.435) • (4.64 X 10-4 )(0.249)_ 
o.43sn o.249n 
n = 1.12 
The order in glucoside is therefore unity. 
3. EVALUATION OF CATALYTIC CONSTANI.'S 
Fran the data of runs 2, 31 4 and 13 it is a simple task to deter-
mine the catalytic effect of acetate ion on the rate of reaction. The 
average of runs 2 arrl 4, which oontain 1.03 mole/liter of acetate ions 
is to be compared with the average of runs 3 and lJ which contain 0.57 
mole/liter of acetate ion. The catalytic constants as determined are:: 
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Table 44 
Isopropyl-j0 -D-glucoside--F series HOAc/NaOAc 
:a 4 Rm:J.# G B .s./B.R~ Buffer NaCl NaC104 ~ Pens~t_X _LOx)_nxlO kxlO --~--
F-1* 0.422 1.040/1.0 H o.o59 o.694 1.79 1.126 3.4' .... 8.22 
F-2-:~- 0.426 l.043/l.O F 0.752 
-
1.80 1.103 2.51 4.77 
F-3* 0.425 0.572/1.0 J 0.751 0.470 1.79 1.118 1.93 3.31 
F-4* 0.444 l.033/l.O F 0.744 
-
1.78 l.098 3.n 5.07 
F-13* 0.447 0.570/1.0 J 0.748 0.467 l. 78 l.llB 2.72 3.3l 
F-17-l~ 0.249 l.073/l.O F 0.773 
-
1.85 1.093 3.53 4.64 
1-' 
~ 
3.31 X lD-4 a koOx + ~Ac-(0.57) 
k8ic- • 3.5 x 10-4 liter2 /mole2 -second 
~x = 1.3 x 10-4 liter/mole-second 
There is the possibility af catalysis by chloride ion, therefore., 
this was checked. IOm 1 was carried out with considerably less chloride 
ion present than in the other runs reported at this pH. If chloride 
ion catalysis were present, one 11.0uld expect a decrease in the rate 
constant. However, the results show the reverse, i.e., as the ooncen-
tration of chloride ion decreases the rate of reaction increases. 
C. OXIDATION OF ISOPROPYLjP-D-GLUCOSIDE AT pH 6.5 
The data are recorded in table 45. 
1. V.ARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
Runs 5 and 14 can be used to determine the effect of varying the 
initial oxidant concentration on the rate. It is seen that a 42% change 
in initial oxidant concentration produces a 10% change in the rate~ 
It is cp.estionable whether such a small change is significant. 
2. ORDER IN IOOPROPYL-~-D:-CLUCOSIDE AT pH 6.5 
Runs 5 a:rrl 15 can be used to oompute the order in isopropyl~­
D-glucoside at~ this pH. This is done in the conventional manner. 
(17.1 X 10-4)(0~456) • (18.6 X 10-4 ) (0.253) 
0 .456n 0. 253n 
n = 1~14 
Again the order in isopropylf -D-glucoside is close to one which 
is in agreement with the information at pH 2.] and 4~6~ 
Table 45 
Isopropyl-~-D-glucoside--F series H2P04 -ftf.P04 • 
Run# G B.S./B.R. Buf.:fi"er ~ NaC104 ~ Density 
2 4 (Ox) 0 xl0 ~ 
F-5* 0.456 0.363/1.0 R 
-
0.363 1.82 1.149 4.44 17.1 
F-1* 0.448 0.358/0.5 s 
-
0.536 1.79 1.129 4.22 21.7 
F-8-ll- 0.448 0.448/1.0 T 
- -
1.79 1.122 4.37 19.8 
F-9* 0.446 0.351/1.0 u 0.357 
-
1.78 l.ll7 3.47 14.3 
F-14-:l- 0.444 0.357/1.0 R 
-
0.358 1.79 1.126 2.81 15~6 
F-1~-r o.253 0.369/1.0 R 
-
0.369 1.84 1.118 4.35 18.6 
F-19* 0.434 0.223/1.0 T -
- -
o.89 1.074 4.81 17.3 
~ 
3. EVALUATION OF CATALYTIC CONSTANTS 
The catalytic constant for monohydrogen phosphate can be determined 
from runs 5 and 8. These runs are identical in all respects except the 
concentration of buffer. 
17.1 x 10-4 = koOx + ~04=(0.363) 
19.8 x 1o-4 = k9x + ~o4=(o.448) 
~o4= = 3.2 x l0-3 liter2 /mole2 -second 
~x = 5.5 x 10-4 liter/mole-second 
This value for ~x is not the true uncatalyzed rate constant. It is 
possible that the reaction may be catalyzed by chloride ion as well 
as hypochlorite ion. 
The oxidation of isopropyl-;6 -D-glucoside at pH 4.6 has indicated 
that the presence of added sodium chloride decreases the rate of reaction. 
Run 9 is intended to demonstrate its effect at pH 6.5. An inspection 
of runs F-5, F-8 and F-9 shows a decrease in reaction rate with added 
sodium chloride. The consequence of such an effect is discussed on 
page 207. 
4. SALT EFFECT 
One run was carried out to test the effect of ionic strength on 
the rate of reaction, run F-19 is to be compared with run F-5. In run 
F-19 the ionic strength has been reduced from 1.8 to 0.9. The overall 
effect of such a change is that a 50 percent decrease in ionic strength 
has not changed the rate. This indicates that the reaction is not one 
taking place between ionic species. 
VIII. OXIDATION OF TERTIARY BUTYL-;5 -D-GLUCOSIDE 
An inspection of the data tabulated under the H series indicates 
that at pH 6 there is a distinct difference in the rates of oxidation 
of the different batches of tertiary butyl~;d -D-glucoside. Results 
of this sort immedjately cast some doubt on the validity of the data 
collected at the other hydrogen ion concentrations. However, the 
data will be presented in this section and their validity decided 
in the discussion section. 
A. OXIDATION AT pH 2.1 
Two different batches of glucoside (a and c) were used in the 
oxidation at this pH. The data are recorded in table 46. 
1. V .ARIATION OF .RATE WITH INITIAL OJaDANT CONCENTRATION IN THE P RESEX: E 
OF SJ DIUM CHLORIDE 
Three runs were carried out to check the effect of the initial 
oxidant concentration on the rate. Two of these runs, H-1 and H-41 
were carried out on one batch of glucoside (a) and the third, run H-6, 
on another batch (c). All three runs are in agreement with the 
statement that the rate does not vary with the initial oxidant 
concentration. 
2. ORDER IN TERTIARY BUTYL-;J -D-GLUCOSIDE AT pH 2.1 
The order in tertiary butyl) -D-glucoside can be determined by 
using runs 1 and 51 
(6.04 X 10-4)(0.401} = (6.ll X 10-4) (0.217) 
0.40ln 0.21fl 
n = 0.98 
The order in glucoside is, therefore, unity. 
Table 46 
Tertiary butyl-~ -D-gluceside--H series H3P04/H2P04-
B.S./B .R. iOx)nxlO 2 Run if. G Buffer Na01 Na0104 ~ D~~it_y 
H-1* 
H-2* 
H-3* 
H-4* 
H-5* 
H-M 
o.4o1a 1.U6/0.33 A 0.375 
-
1.79 1.175 3.69 
0.398a 0.709/0.33 A 0.376 0.709 1.79 1.163 3.90 
0.402a 1.422/0.33 B o.o94 0.282 1.80 1.186 3.01 
0.403a 1.426/0.33 •• 0.377 - 1.80 1.183 2.53 
0.217a 1.472/0.33 A 0.390 
-
1.86 1.174 3.42 
o.401c 1.414/0.33 A 0.375 
-
1.79 
-
3.05 
The notations a, b1 and c represent different batches of glucoside. Batch a was analy-zed 
and is reported in the Experii~~mtal section. 
4 
kxlO 
6.04 
5.95 
10.2 
6~03 
6.ll 
6.31 
~ 
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3. EVAllJATION OF CATALYTIC CONSTANl'S 
A comparison of runs 1 and 2, in 'Which the concentration of' dihydrogen 
phosphate ion is varied, shows that the rate :is unaf'f'ected by the 
concentration of' buff'er. 
A variation in the concentration of' initial chloride ion has a 
def'inite affect on tlle rate. A decrease in the concentration of 
chloride ion produces an increase in rate. This is evidenced by 
comparing runs 1, 3 arrl 4. 
B. OXIDATION AT pH 4.6 
Two diff'erent batches of' tertiary rutylj& -D-glucoside (b and c) 
were used at this pH. The data are recorded in table 47. 
1. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION IN THE 
PRESENCE OF SODIUM CHLORIDE 
Three runs, 8 arrl 10 and 11, were carried out to test the effect 
of initial oxidant variation on the rate. These data indicate very 
little change in rate with initial oxidant concentration variations. 
2. ORDER IN TERTIARY BUTYL~ -D-GLUCCBIDE AT pH 4.6 
The order in tertiary lntyl-~ -D-glucoside can be determined using 
the average of' runs 8, 10 and 11 and compar:ing ;it with run 12. 
(13.5 X 10-4 ) (0.2~Q} • (11.2 X 10-4) (0.403) 
0.24oll o.403n 
n = o.64 
The n value is doubtful because results from batches b and c were 
used for its determination. 
3. EVALUATION OF CATALYTIC CONSTANT 
The catalytic constant :for acetate ion can be computed by comparing 
Table 47 
Tertiary butyl-_p -D-glucoside-H series HO!c/NaOAc 
Fam# G B.S./B.R. Buffer ~ NaC104 
-r- Density __LOx)ax10
2 kx104 
H-7* 0.40lb 1.042/1.0 H o.o59 0.694 1.80 1.129 4.73 . 15.5 
H•& o.404b 1.044/1.0 F 0.753 
-
1.80 1.106 3.89 11.7 
H-9* 0.399b 0.572/1.0 J 0.750 0.469 1.79 1.120 3.27 8.45 
H-10* o.4o0b 1.046/l.O F 0.754 
-
1.80 1.106 3.66 11.2 
H-11* 0.404b 1.044/l.O F 0.75a? 
-
1.80 1.106 2.11 10.6 
H-12* o.240c 1.075/l.O F 0.775 
-
1.85 1.098 1.07 13:5 
The notations a, b, and e represent different batches of glucoside. Batch a was analyzed 
and is reported in the Experimental section. 
~ 
-.3 
the average o.f runs B, and ll with run 9. Setting up the conventional 
two silml taneous equations and solving:: 
lle2 X 10-4 Ox Ox = kO + kOAc- (1.045) 
8.4 X 10-4 =· koOx + ke~c- (0.572) 
koOx = 5.0 x l0-4 liter/mole-second in 0.75 mole/ 
liter o.f Cl-. 
c. O.xiDATION OF TERTIARY BUTYL} -D-GLUOOSIDE AT pH 6.5 
The data are recorded in table 48. 
The oxidation o.f tertiary butyl-;6' -D-glucoside at this pH was 
carried out on three di.f.ferent batches. One batch (b) gave extremely 
rapid reaction rates which did not agree 'With the other two batcms. 
On the basis that batch a was analyzed whereas batch b was not, it 
has been asru.med that batch b rates are in error. A possible explan-
ation .for the rapid kinetics o.f batch b is that there is a catalytic 
impurity present. 
No experiment which would check the order in tertiary butyl-) -D-
glucoside at this pH was made. Neither were data collected to indicate 
the effect o.f varying the initial oxidant concentration. 
1. EVALUATION OF CATALYTIC CONSTANTS 
The data collected using tertiary butyl-;6-D-glucoside are some-
-what sketchy and may be considered unreliable. 
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Table 48 
Tertiary butyl-p -D-glucosids-H series H2P04 -jHPo4 • 
Run# ·G B.s.jB.R. Buffer NaCl NaC104 
.,.JJ- Deps~~y (Ox)l'lxl02 k'xl0
4 
-
H-13* 0.392a 0.359/1.0 R 
-
0.359 1.80 1.129 4.35 35.6 
H-14* 0.399a 0.351/0.5 s 
-
0.535 1.78 1.124 4.03 43.6 
H-15* 0.396a 0.446/1.0 T 
- -
1.78 1.ll6 4.28 J4.6 
H-16* 0.400b 0.358/1~0 u 0.358 
-
1.79 1.lll 4.20 67.5 
H-17* o.402b 0.356/1.0 R 
-
0.356 1.78 1.124 4.09 67.1 
H-18* 0.399c 0.359/1.0 u 0.359 
-
1.80 1.ll5 3.02 34.0 
The notations a, b, and c represent different batches of glucoside. Batch a was analyzed 
and is reported in the Exper:iJnental section. 
~ 
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I 
ANALYSIS OF THE DATA AND DISCUSSION 
ANALYSIS OF THE DATA 
This section is organized in much the same fashion as the pre-
ceding section in that each substrate will be treated individually. 
Another section will follow and will include a consideration of all 
substrates with respect to the mechanism of oxidation of carbohydrates. 
It should be noted that the data reported in this section were collected 
at a constant ionic strength of 1.8 moles/liter. 
This section of the dissertation contains the following points of 
interest: 
(1) a recapitulation of the pertinent data from the preceding section 
and an analysis of the rate and catalytic constants into portions 
due to molecular chlorine and to hypochlorous acid 
(2) a review of the pert:inent literature concerned with the chemical 
changes that take place on oxidizing carbohydrates with aqueous 
solutions of halogens 
(3) correlation of the various rate and catalytic constants with the 
stoichiometry data 
(4) a discussion of the reliability of these various rate and catalytic 
constants. 
The transformation of the preceding rate data into portions due 
15ll 
to rate arrl catalytic constants for chlorine and hypochlorous acid is 
accomplished in the next section. This is done using the following 
general equations. Since ~x represents only that portion of the rate 
constant due to uncatalyzed chlorine and hypochlorous acid reactions 
(specific acid catalysis has been shown to be negligible and specific base 
catalysis is probably not detectable in the region where chlorine is 
present), then 
The proper insertion of 
lead to ~12 and ~OCl. 
at constant pH 
~x obtained under two different q values will 
A 
Ox 0 · Ox 
Also, kobs,= kQx + i_ k0 iCi where ko has the 
152: 
Ox 
same significance as above, kobs is the measured rate constant and kci is 
the catalytic constant for the particular species being considered. 
The proper selection of data will permit the deterwination of various 
catalytic oonstants. 
IX. D-GLUCOSE 
The extent to which the chemical changes that take place in the 
oxidation of D-glucose by chlorine water are known is limited. However, 
there has been considerably more experimentation in the field of bromine 
vmter oxidation of simple carbohydrates. These have shown that the 
initial reaction in the oxidation of D-glucose forms gluconic acid 
in strongly acid(l), alkaline( 2 ), or feebly acidic media(3). The 
meagre information that is available on chlorine water oxidations 
suggests that a course similar to bromine water is follo,red; thus 
gluconic acid or more definitely x glucono- tr-lactone( 4) is obtained 
in both acidic(5) and alkaline oolutions( 2). For purposes of discussion 
the assumption is made that the initial product formed from the chlorine 
water oxidation of D-glucose over the pH range studied is glucono- d 
-lactone. 
(1) 
(2) 
(3) 
(4) 
(5) 
H. Kiliani and S. Kleeman, Ber., 17, 1296 (1884) 
M. Konig am F. Tempus, ibid., .21, 787 (1924) 
C. S . Hudson and H. S . Isbell, J. Am. Chern. Soc., 21, 2225 (1929) 
H. S . Isbell and C. S. Hudson, Bur. Standards J. Research, ~~ 327 
(1932) 
H. Hlasit-vetz and J. Habermann, Ann., 155, 120 (1870) 
1. OXillATIONS AT pH 2.1 and 2.8 
The data recorded in the preceding section indicate that at pH 
2.1 the rate of oxidation increases with increasing initial oxidant 
concentration. This was explained as being a result of the oxidant 
containing a higher proportion of chlorine at high3r initial oxidant 
concentrations. It was also found that the reaction rate was pro- -
portional to the glucose concentration, the order in glucose being one. 
A. SEPARATION OF RATE AND CATALYTIC CONSf.ANTS 
The value for the catalytic constant of dihydrogen phosphate as 
obtained from figure 6 is as follows: 
~xPO _ • 5.6 x 10-4 literajmole2 -sec. at C1- • 0.38 mole/liter 
2 4 
An inspection of these values suggests that the oxidation of D-glucose 
by molecular chlorine is catalyzed to a larger extent than is >the 
oxidation by hypochlorous acid. It is possible to approximate the 
catalytic constants for the chlorine and hypochlorous acid reactions 
by putting the proper values into the general equation 
kC:Xpo- = ~lpo .(1- ,q') + ~o~~ _( c{ ) ~ 4 - 2 4 · 2"" 4 
end solving the two simultaneous equations • 
~ 4 Cl2 k}iHOCl /•6 x 10- = 0.79 kH PO _ + 0.21 
2 4 aPo4-
= 0 cf\ k~la + 0 co ,)10Cl 
•:;N -11 PO - •/ "'H PO -2 4 2 4 
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From figure 6 the values of ~are: 
~x • 1.5 x 10-3 literz/mole~-sec. at Cl- of 0.38 mole/liter 
ox 3 2 2 ko • 1.2 x 10- liter /mole -sec. -at Cl of 0.094 mole/liter 
Cl 
From these data the values of ko 2 and ~OCl can be determined. 
-3 Cl2 HOCl 1.5xl0 •0.79ko +0.21}{{) 
3 Cl2 HOCl 1.2 X 10- • 0.50 kQ + 0._5o ko~ 
Cl2 ko = 1.8 x l0-3 liter/mole-sec. 
~Cl = 6.9 x l0-4 liter/mole-sec •. 
Cl 
This value for ko 2 agrees very well with the experimentally 
determined vaJ.ue of 1.96 x 10-3 liter/mole-sec. as measured in a solution 
of high acidity and high chloride ion .concentration (see page 48). 
B. ABSENCE OF SPECIFIC ACID CATALYSIS 
The absence of specific acid catalysis can be proved by comparing 
the ~x values for the oxidation at pH 2.1 and 0.094 mole/liter of 
added sodium chloride with the value at pH 2.8 and 0.38 mole/liter 
of added sodium chloride; i.e • ., roth are 1.2 x 10-3 liter/mole-sec. 
At both of these conditions the fraction of oxidant ( o( ) present as 
hypochlorous acid is approximately the same. The fact that the rate 
constant is approx:i..ma.tely the same under both sets of conditions 
suggests that either there is no catalysis by chloride and hydrogen 
ions or both ions catalyze the reaction. Since there is no evidence 
of chloride iort catalysis., it is concluded that there is also no 
catalysis by hydrogen ion. This conclusion is in agreement with that 
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found by Shilov(l). He compared the rates of oxidation of D-glucose . 
in 0.1 molar and 0.4 molar hydrogen chloride solutions. The rate of 
oxidation is the same in both cases. Further support of this conclusion 
is revealed in that the values for ~12 recorded in the preceding section 
agree although they were obtained at substantially different acidities. 
C. ABSENCE OF GENERALIZED ACID CATALYSIS 
The absence of generalized acid catalysis can be proved by com-
paring the catalytic constants derived from data collected under two 
different buffer acid .to buffer salt ratios. A necessary pre-
requisite for a valid comparison is that the fraction of oxidant 
existing as molecular chlorine or hypochlorous acid be the same. 
The catalytic constant at pH 2.1 with 0.094 mole/liter of added 
chloride ion is negligible. Under these conditions approximately 
50 percent of the oxidant exists as chlorine. At pH 2.8 with 0.38 
mole/liter of added chloride ion, the catalytic constant is also 
negligible. Under these conditions 40 percent of the oxidant exists 
as chlorine. The pH value of 2.8 was obtained by decreasing the 
concentration of buffer acid to one-fifth the value of the buffer acid 
at pH 2.1. Thus, even though the concentration of buffer acid was 
increased fivefold the catalytic constants (containing a H3 P04 term) 
did not increase which is evidence for the lack of generalized acid 
catalysis. 
(1) E. A. Shilov and Y. A. Yasnikov, Ukrain. Khim. Zhur., 18, 595 
(1952) 
2. OXIDATION AT pH 4.6 
A reproduction of the data from figure 10 is shown below and · 
represents the effect of varying initial chloride ion concentration 
on the acetate catalytic constant and on koOx. 
Added NaCl 
mole/liter 
1.14 
0.76 
0.24 
o.o6 
Table 49 
Effect of Cl- on ~~c­
Ox ko§c"" x 104 
liter Zmole2 -sec. 
16 
12 
17 
8 
Ox 
and kQ 
k0x x 104 
0 
liter/mole-sec. 
These data seem to indicate that the effect of added sodium 
chloride is to increase the catalytic constant. Thus the acetate 
catalytic constant for chlorine is larger than that for hypochlorous 
acid. However, the values at the four chloride ion concentrations 
. Cl 
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are not sufficiently different to permit the calculatJ.on of k0A.~..,. 
HOCl Wl;;hout :.." ~:;a son 
and kOAe- if all points are evenly weighted. The assumption is made A 
that ko~c- at 0.24 mole/liter of sodium chloride is in error, there-
Ox -' . l HOCl 012 fore, kO.~tc- is plotted versus v'. The slope l.S equ.a to kOAc--kO.Ac-
,i 0 . Cla 
and the intercept at v \ equal to l.S iUAc-• 
k~ = v9la ( 1-- ") + k~OCl ( o\ ) 
-uAc- ·uAc- ~ ·uAc~ 
Ox Cl ,.1 I. HOCl C~ l koAc~ • kOA~- + ~ LkoAc- - kDAcj 
HOCl ~ 2 
kOAc- • 7 x l0-4 liter /mole -second 
kg!~- = 2 x 10-2 liter Z?./mole 2 -second 
Table 49 shows that as the concentration of added sodium chloride 
increases the value of ~x increases. This is in agreement with the 
theory that molecular chlorine reacts faster than hypochlorous acid. 
Actually, it should be possible to calculate ~OCl and ~1a:. This is 
Ox 
attempted below, assuming kQH- (OH-) is negligible at this pH, even 
though the small fractional change in hypochlorous acid and snail 
fraction of oxidant present as chlorine at this pH lead to a large 
inherent error. 
The uncatalyzed constant for chlorine and hypochlorous acid may 
be calculated utilizing the ~x values for solutions oontaining o. 76 M 
and 0.24 M sodium chloride as recorded in table 49. 
6. 7 X lQ-4 = ~12 (0.021) + ~001 (0.979) 
4.2 X 10-4 = ~12 (0.007) + ~OCl (0.994) 
~OCl 
- J.l X lQ-4 liter/mole-second 
Cl2 kQ '"' 1.7 X 10-2 liter/mole-second 
As a check on the above results the values of ko at two other chloride 
ion concentrations were used in calculations similar to the above. 
6.9 X l0-4 = 0.039 ~la + 0.961 ~OCl 
1.2 X 10-4 = 0.002 ~2 + 0.998 ~OCl 
~OCl = 1.1 x · l0-4 liter/mole-second 
~12 12' 1.4 x 10-2 liter/mole-second 
Thus the agreement is good between the two sets of calculations .. 
Clz: The ko · values reported above are about ten times larger than 
Cl 
the kQ 2 values found at pH 2.1. How·ever, it should be noted that the 
possible error in the 1-o( value at this pH is large. 
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2 
0 
J._ -· 
0 
0.98 . l..O 
3. OXIDATION /d' pH 6 
Data correlating rate constant with initial oxidant concentrations' 
have been recorded on pages 82 and 83 • The increase in rate oonstant 
with increasing initial oxidant ooncentration can be explained by 
assuming catalysis by hypochlorite ion. The extent of this catalysis 
can be determined by noting the variation of rate constant with 
increasing 'hypochlorite ion concentration. The data from figure 11 
were used to determine the values' reported below. 
Table 50 
Variation of Rate with Hypochlorite Ion Concentration 
(Ox)0 x 102 (OCl-) X 104 k1 X 103 
. M.E.Lg. moleLliter liter Lmole-sec. 
1.00 3.96 2.95 
2.00 ?.93 3.20 
3.00 ll.9 3.48 
4.00 15.9 3.73 
5.00 19.8 3.98 
These data are plotted in figure 22. The slope of the line is 
HOCl 2 2 
keel- = 0.58 liters /mole -second. 
Other investigators have noted an increased rate of oxidation 
when hypochlorite ion is present. Shilov(l) states that this could 
(2) 
be explained by some catalytic action of hypochlorite ion. Kaufman 
postulated that the increased rate of destruction of cellulose with 
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(1) 
( 2) 
E. A. Shilov and A. A. Yasnikov, Ukrain. Khim. Zhur., 1§, 595 (1952) 
H. Kaufman, z. Ang. Chern., ~' 840 (1930) 
11!!, 104 (1931); 
~... • 0.565 mole/l.i ter 
kt X lOS 
(liter/mole-
4., -
sec .) 3 .. 5 
I 
5 10 
160 
i - I 
15 20 
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increased hypochlorite ion concentration is a result of the 
action of some complex compound of composition HOCl·OCl-. 
Shilov points out that reaction of this compound W'ould be 
second order in oxidant W'hereas the experimental evidence is 
that it is first order. The full rate expression in the 
oxidation of D-glucose at pH 6 i.s probably: 
in which case the second order in oxidant term may be ma:Sked. 
Qualitatively the catalytic effect of HP04= is indicated 
by the folloW'ing data (see page 86): 
r HOCl HOCl l 
H2Po4-/HPo4= LkH2 p04 - + kHpo4 =J x 103 
0.5 
1.0 
2.0 
is negligible. 
Ox 
ko x 103 
liter/mole-sec. 
2.80 
1.57 
1.28 
Ox 
The ko 
HOCl 
values reported in table 28 are related to ko 
HOCl HOCl 
k 001 _ and k 0H- in the follow·ing fashion: 
Ox HOCl HOCl HOCl 
ko = ko + k 0H- (oH-) + k 001 - (oc1-) 
W'here (OCl-) = (ox)o(l-J). Thus (ocl-) is real only at zero 
time. 
Ox 
It is possible to insert the three values of k 0 along 
w·ith their approximate hydroxide ion and hypochlorite ion 
concentrations into the above general equation. 
' 
HOCl HOCl 
= ko + kOH- (40 x 10-9) + (0.58) (47.0 x 10-4) 
HOCl 
ko 
HOCl HOCl 
= ko + koH- (6 x lo-9) + (0.58) (6.2 x 10-4) 
= 8 x 10-4 liter/mole-se c ond 
4 . SUMMATION OF GLUCOSE DATA 
As a means of collecting and recording all preceding 
pertinent data, the follow·ing section is recorded. The data 
discussed above w·ill be used in further calculations . 
The experimental values for the order m glucose at pH 2.1, 4.6 
and 6.5 are 1.05,1.06 and 0.83 respectively. Therefore, it has been 
established that the order in glucose is close to unity over the pH 
range investigated. 
Table 51 
Rate Constants and Catalytic Constants for D-Glucose 
from pH 2.1 
1riiOCl = 
"'Q .7 X 10-4 
from pH 4.6 
Cl k(, 2 = 2 X 10-2 
~OCl "" 2 X 10-4 
kCl2 = 2 X 10-2 
0Ac-
kHOC1 = 7 X 10-4 
OAc-
from pH 6 
HOCl 
kOCl- = 0.58 
~OCl = 7.8 X 10-4 
kHOC1 "" 1 X 10-2 
-1IPO -4 
kHOC1 = ~ 10+4 OH- ... c . X 
~12 and ~OCl are in units of liter/mole-second--all other constants 
2 2 . 
are in units of liter /mole --second • 
Stoichiometry 
pH 2.1 pH 2.8 pH 4.6 pH 6.3 
Time ( hr) Ratio-:~ Time ( hr') Ratio* Time ( hr) Ratio-* Time (hr) RatiO* 
3.0 2.0 
6.25 3.4 
9.25 3.7 
12.00 4.0 
24.00 5.4 
-:t M.E. (Ox) 
~moles reductant 
0.75 
2.00 
4.35 
s.oo 
17.10 
23.00 
3.9 1.77 
2.6 4.50 
3.8 7.75 
4-7 14.20 
6.1. 22.75 
7.0 30.00 
l.t1.95 
3.8 1.00 4.2 
9.2 4.27 n.o 
10.5 6.co 13.0 
8.5 10.42 14 
10.2 13.05 14 
11.3 19.~ 16 
11.5 23.77 16 
29.77 18 
X. 11 GLUCONO- f -LACTONE11 
Reference has already been made to the fact that Isbell has f'ound 
the bromine water oxidation product of d-glucose in carbonate buffer 
to be glucono- [ -lactone. This fact coupled with the conclusions of 
otoor workers that the product isolated from the aqueous chlorine 
oxidation of d-glucose and methyl gLucoside in strongly acid solution 
is gluconic acid, led to an investigation of the kinetics of the 
oxidation of' 11 glucono- [ -lactone". .Another factor strongly influencing 
the decision to investigate this system was that in some cases it was 
found that the kinetics was te:rrling to be zer.p order in oxidant. The 
theory for this necessitates that the product from the oxidation of 
glucose is more rapidly oxidized than glucose itself. 
The stoichiometry of the reaction of chlorine water with glucose 
yields a value greater than one (mole of oxidant conSUllled per mole of 
glucose) which continually increases and at no time in the experiJnent 
remains constant. Thus it was thought that information concerning 
the rate of oxidation of glucono-,f -lactone, which is the product 
formed by the oxidation of glucose and quite possibly of glucosides, 
might be of some value. 
The oxidation product of gluconic acid is either 2-keto or . 
(1) 
5-keto gluconic acid . • 
16.,. 
(1) a. J.P. Hart and M. R. Everett, J. Am. Chem. Soc., 61, 1822 (1939) 
b. N. Honig and F. Tempus, Ber., 57, 787 (1924) --
c. E. A. Shilov and A. A. Yasniko'V; Ukrain• Khim. Zhur., 18, 
595 (1952) 
1. 11 GLUCONO- S -LACTONE" SOLUTION EQUILIBRIA 
Glucono- £ -lactone is not stable in aqueous solution. It can 
readily form gluconic acid by the addition of a molecule of water. 
Gluconic acid can lose a molecule of water to form either the glucono-
6 -lactone or the glucono- '(-lactone. The cf:-lactones usually 
hydrolyze easily and mutarotate rapidly in aqueous solution. Thus we 
are forced to the conclusion that an aqueous solution of glucono-~ 
-lactone contains gluconic acid and glucono-~-lactone. The presence 
of gluconate ion cannot be ignored, particularly at pH 4.6 and higher. 
The approximate concentrations of gluconic acid, gluconate anion, 
and glucono- ~ -lactone at high acidities can be calculated by making 
the assumption that glucono-t-lactone is present only in negligible 
quantities. From the known specific rotations of glucono- d-lactone 
(+66.0°(l)) and gluconic acid (+5.40(l)) as well as the equilibrium 
values reported on page 20, the fraction of carbohydrate present as 
gluconic acid is 0.647 or the ratio of gluconic acid to lactone is 
1.84 at pH o. This is a result of solving the following equation: 
+ 66.0° (1;6 ) • 
~ = fraction present as gluconic acid. 
This equation holds only for solutions of high acidity where the 
concentration of gluconate anion must certainly be small. The ratio 
- (1) 
of 1.84 is much smaller than the 7.7 reported by Sawyer and Bagger • 
The reason for this may be that conjugate acids of gluconic acid and 
(1) D. T. Sawyer and J. B. Bagger, J. Am. Chern. Soc., 81, 5302 (1959) 
the lactone have different rotations than those used above. A 
description of the chemical processes follows: 
glucono- J -lactone .:;;:=:=gluconic acid::::;;:::::: gluconate anion + H+ 
These equilibrium steps reveal that the concentration of glucono- f -
lactone is highest in solution of high acidity. In solutions of 
moderate acidity, the fraction of total carbohydrate present as 
gluconate ion may become significant. In these cases it is not 
possible to determine the fractions of the various equilibrium 
modifications solely by the specific rotation of an equilibrium 
mixture. 
An indication of the effect of pH on the gluconic acid-
gluconate anion ionization (excluding lactone) follows: 
(X-1) 
(X-2) 
(X-3) 
(X-4) 
K(l) (gluconate ion) (H+) = 1.99 x l0-4 at 
= (gluconic acid) 
K 
= 
luconate) 
(H+) (gluconic acid 
or K+~f) = (H (gluconate) + (gluconic acid) (gluconic acid) 
or ~ = (~uconic acid) 
(gluconate + (gluconic acid) 
25° 
With this final equation, a determination of the fraction of gluconic 
acid in a mixture of gluconic acid and gluconate ion can be made for 
any pH (assuming (W) = Q H+). 
(1) D. T. Sawyer and J. B. Bagger, J. Am. Chern. Soc., 81, 5302 (1959) 
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Below is a table showing the percent gluconic acid present in a 
mixture of gluconic acid and glucona.te ion at different pH levels. 
Table 52 
% Gluconic Acid at Different pH Levels 
pH 2 
% gluconic acid 
% gluconate ion 
2~ OXIDATION Kr pH 2.1 and 2.8 
pH 2.8 
84 .1 
15 ·9 
pH h.6 pH 6.5 
11.2 
88.8 99.8l? 
A. VARIATION OF RATE WITH INITIAL OXIDANT CONCENTRATION 
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It has been revealed in a previous section that it is very difficult 
to properly evaluate the effect of variations in initial oxidant 
concentration from the available data. The data were collected in 
solutions containing from 0.003-0.006 M.E./g. of oxidant (.
1
) This is 
approx:i.ma. tely one-tenth the oxidant concentration used in the 
oxidation of other substrates. However, the average of runs D-35 
thro ugh D-38 is (9.15.::!: 0.43) x l0-4 liter/mole-second. The deviation 
is certainly vTi thin the experimental error of the measurements. 
A convenient method of mearuring the rate of oxidation by 
rolecu.lar chlorine has been to study the rate in perchloric acid 
solution. This was done with this substrate and it was determined that 
the rate was very slow. An obvious conclusion of this experiment is, 
therefore, that the rate of oxidation of glucono- d-lactone and 
gluconic acid by molecular chlorine is negligible. Any further 
conclusions are not possible in t he light of the fact that at pH 
2.1 about 2.5% of the gluconic acid is present as gluconate ion 
(1) Analyses of oxidant concentrations in this range are not as 
reliable as those for more concentrated solutions. 
whereas in perchloric acid solution the percentage of gluconic acid 
present as g1.. uconate anion is negligible. This co u1.d explain why 
the oxidation in perchloric acid is extremely slow· as comr:ared to 
pH 2.1. The data at other hydrogen ion concentrations will be analyzed 
with this in mind. 
An increase in pH from 2.1 to 2.8 with constant initial chloride 
ion concentration accomplishes two pertinent che!nical changes. The 
fraction of oxidant present as hypochlorous acid and the percentage 
of gluconic acid present as gluconate anion increase. However, an 
increase in initial chloride ion concentration at constant pH 
results only in an increase in the fraction of oxidant present as 
chlorine. Figure 13 is a representation of a series of experiments 
designed to reveal the relationship between these various changes. 
A change in the initial concentration of chloride ion at constant 
pH produces no observable change in the rate of reaction. This 
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suggest that chlorine and hypochlorous acid oxidize 11 glucono- d~lactone" 
at equal rates. This fact in addition to the above observation that 
"glucono- d -lactone11 is oxidized very slowly in perchloric acid 
solution would indicate that the active reducing species in 11 glucono-
d-lactone11 is g1..uconate anion. This is confirmed by the observation 
that an increase in pH results in an increased rate as a result of 
the larger proportion of gLucoriate anion. 
It should be noted that the rate constant for oxidation of 
unequilibrated glucono- c( -lactone (initial reaction time taken as the 
time of introduction of lactone) is the sCIJOO as that for lactone 
equilibrated overnight. As previously indicated, this is a result 
of the rate of equilibration being faster than the rate of reaction. 
B. ORDER IN "GLUCONO- S -IACTONE" 
It has been shown (pg. 90) that the order in "glucono- d -lactone" 
is 0.55. An explanation is offered on page 202. 
C. EVALUATION OF CATALYTIC CONSTANTS 
Ox The values for kH2Po4 - have previously been determined as being 
5.3 x 10-3 liter2/mole2-second at pH 2.1 and 4.9 x 10-3 liter2/mole2 -
second at pH 2.8. The close agreement between these values at dif-
HOCl ferent acidities suggests that the catalytic constants, ~2p04- and 
Cl2 ~2p04_, are nearly equal. Further support for this conclusion is 
the fact that 5.3 x 10-3 liter2/mole2 -second was the value obtained 
at two widely different initial chloride ion concentrations. An 
obvious conclusion from this is chloride ion does not catalyze the 
reaction. 
). OXIDATION AT pH 4.6 
No data were collected at this pH to reveal the effect of varying 
the initial oxidant concentration. 
A. ORDER IN "lACTONE" AT pH 4.6 
The order in "lactone" found at this pH is unity. Any 
explanation devised for the half order at pH 2.1 would have to 
account for an order of unity at pH 4.6. 
B. EVALUATION OF CATALYTIC CONSTANTS 
The vaJues from the 11 DATA11 section are tabulated below: 
NaCl 
moles/liter 
1.21 
o.so 
0.062 
Table 53 
Variation of Rate and Catalytic Constants 
idth NaCl Concentration 
Ox 3 kOAc- x 10 
2 2 
liter /mole -sec. 
k~x x 103 
liter/mole-sec. 
12.8 
10.8 
The above results show that koOx is constant with varying chloride 
ion concentration indicating no catalytic effect of this ion. How-
ever, the data reveal that ko~c- increases vrith increasing Cl-. 
The fact that the Cl- effect appears in ~c- and not in koOx suggests 
that the chlorine reaction is extremely susceptible to catalysis 
by acetate ion. 
C. OXIDATION OF "LACTONE" ~VITHOUT PRIOR EQUJLIBRATION 
The results from the 11 DMA11 section reveal that the oxidation 
of non-equilibrated 11lactone11 is 100% faster than equilibrated. 
Also, the half life of equilibration is longer than the half life 
of reaction. This ~uld indicate that glucono- [-lactone is the 
species being oxidized; however, this is in contradiction to the 
previous conclusion that gluconate anion is being oxidized. One 
possible explanation of this difference is that different components 
of 11 lactone11 are oxidized at different hydrogen ion concentrations., 
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4. OXIDATION OF "lACTONE" AT :pH 6.5 
No attempt was made to ascertain the effect of varying initial 
oxidant concentration on the rate. 
A. ORDER IN "IACTONE 11 
The order in "lactone" as determined at this :pH is indistinguish-
able from unity. This was :predicted from the :pH 4.6 data and is in 
agreement with either glucono-~-lactone or gluconate anion being the 
reductant. 
B. EVALUATION OF CATALYTIC CONSTANTS 
Figure l5 reveals that as the concentration of HPo4 = increases 
the rate constant decreases. This is the first and only case of a 
behavior of this type in this research. The most obvious explanation 
of this :phenomenon is that the reductant and HPo4= are in mobile 
equilibrium with some combination of the two species. The reaction of 
oxidant with this reductant then having a higher activation energy. 
The uncatalyzed rate constants appear to be independent of :pH 
and agree with the uncatalyzed constants obtained at :pH 4.6. There 
Ox 
does not seem to be any effect of :pH on ~o4=• 
C. "lACTONE" WITHOUT PRIOR EQUILIBRATION 
The data convincingly reveal that at :pH 6 the rate of oxidation 
of non-equilibrated glucono- ~-lactone is extremely rapid as compared 
to the equilibrated solution. The rate of reaction of non-equilibrated 
l7l 
solution is also much faster than the rate of equilibration. Again the 
conclusion is drawn that glucono-~-lactone is the most active reductant. 
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5. CONCLUDING REMARKS ON THE OXIDATION OF "GLUCONO- { -lACTONE" 
The previous discussion has indicated a certain degree of uncertainty 
as to the form of "glucono- f-lactone 11 which is oxidized. This fact, in 
addition to the observation that the product of oxidation is not known 
with certainty, suggests that it would be a difficult task to evaluate 
the specific rate and catalytic constants for chlorine and hypochlorous 
acid. However, certain conclusions which explain the data are possible. 
The data obtained from perchloric acid solutions reveal that molecular 
chlorine oxidations of glucono- [-lactone and gluconic acid are extremely 
slow. The data from pH 2.1 and 2.8 show that chlorine and hypochlorous 
acid oxidize "glucono- d -lactone" at equal rates. The data from pH 4.6 
indicates that the chlorine reaction is much more susceptible to catalysis 
by OAc- than is the hypochlorous acid reaction. The data at pH 4.6 
and pH 6.5 reveal that glucono-J-lactone which was not allowed to 
equilibrate in buffer prior to oxidation is oxidi zed at a much faster 
rate than glucono-~-lactone which was allowed to equilibrate. The 
conclusions which support these facts are that molecular chlorine 
oxidizes gluconate anion and hypochlorous acid oxidizes glucono-~-
lactone. 
The 11 glucono- d -lactone 11 rate data also reveal that the equivalents 
of oxidant consumed per mole of D-glucose should increase on increasing 
the pH up to 6.5. This in fact is borne out by the stoichiometry data 
on glucose. 
XI. 1-iETHYL- c{ -D-GLUCOSIDE 
1. OXIDATION AT pH 2.1 
Cl HOCl C~ HOCl . The evaluation of kQ 2 , kQ , kdl , and :K01_ ca'tl be accomplJ.shed 
if there is no variation of rate with initial o:xidant concentration 
a..'"ld neither specific nor generali~ed acid catalysis. The rate constant 
Cl ko 2 is available from :runs A-81 and A-82 carried out in perchloric 
acid solution. Thus, 
~12 = 2.81 x 10-5 liter/mole-second 
Employ:ing this value and ··the average rate constant for runs A-16 
through A-19 plus run A-60 and the average of runs A-24 and A-25 
yields: 
10.4 X 10-5 
HOCl Cl 
= (2.81 x 10-5 )(0.40) + ko (o.60) + k01~(o.4o)(0.376) 
. - FTOCl . 
K01_ co.6o)(0.376) 
4. 75 X 10-5. = (2.81 X 10-5 )(0.50) + ~OOl(0.50) + k~~~(0.50)(0.094) 
HOCl . k01_ (o.5b)(O.o94) 
8.98 X 10-5 = (2.81 X 10-5 )(0. 79) + ~QOl(0.21) + k~~~(O. 79)(0.376) 
- HOCl 
kDl- (0.21)(0.376) 
~OCl = 3.3 x 10-5 liter/mole-second 
Cl 2 2 kc1: = 13.5 x 10-5 liter /mole -second 
. BOCl 5 2 2 ~01_ = 23 x 10- liter /mole -second 
The catalytic constant for H2 P04 - can be determined from runs 
A-24 through .k-27 and .k-33· The value arrived at is quite small arrl 
may not be real. 
Ox 2 2 kfl PO _ = 3.6 x 10-6 liter /mole -second 
2 4 
173 
2. OXIDATION AT pH 4. 6 
The follo1dng infornation is available from the 11 DATAI1 section. 
moles/liter 
0.058 
0.234 
1.14 
Table 54 
kg~c- and ~x at Different Cl- Concentrations 
Ox 5 Ox 5 kOAc- X 10 ko X 10 
2/ 2 . litermole ~sec. 
23.3 
22.8 
12.4 
literbnole-sec. 
. HOCl Cla HOCl 012 The catalytJ.c constarrt.s kCl- , kQ1_, ko.Ac-' kQAc;., and the rate 
constant, ~001, may be determined· using runs A-34, 36, 37, 38, and 
39. The data from these runs were used to set up five simultaneous 
equations in five unknowns (the effect of ~12 is negligible). 
. Cl HOCl 
16.0 X 10-5 = 0.961 ~OCl + (0.039)(1.13) k512 + (0.961)(1.13) kcl- + 
(0.961)(0.655 ~~= + (0.039)(0.655) ~~~-
11.1 x 10-5 = 0.961 ~OCl + (0.039)(1.13) k~~: + (0.961)(1.13) k~~~l + 
(0.961)(0.329) ~~= + (0.039)(0.329) ~~~-
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29.2 X 10-5 = 0.993 ~001 + (0.007)(0.234) k~~: + (0.993)(0.234) k~~~ + 
(0.993)(1.038) ~..HAOcC~ + (0.007)(1.038) k01z-
.ISQ OAc-
26 .• 1 X 10-5 = 0.998 ~001 + (0.002)(0.058) k~~: + (0.998)(0.0.58) ~~~l + 
( 0.998 )(1.037) k~~~= + (0.002)(1.037) k~~~-
19.8 X 10-5 = 0.998 ~OOl + (0.002)(0.058) ~i~ + (0.998)(0.058) ~~~l + 
(0.998)(0.781) 1{;~~: + (0.002)(0.781) ~!~-
. . 
HOCl 5 o-s 1" I 1 d ko = 1 x 1 ~ter mo e-secon 
Cl 2 2 
k 2 = -5.4 x l0-3 liter /mole -second 
cl-
kHOCl = 24 x 10-6 liter
2
/mole
2
-second 
Cl-
k012 = -28 x lo-s liter
2
/mole
2
-second O.A.c-
kHOCl = 5 x lo-s liter2 /mole2 -second OAc-
These catalytic constants help explain figure 18 where it was 
noted that ~~c- in the presence of 1.13 IIIOlar sodium chloride was 
snaller than ~~c- in the presence of 0.234 and 0.058 molar sodium 
chloride. Thus the fact that kg~~- is negative probably accounts 
for k:c _ being smaller in 1.14 molar sod tum clllorid e. 
3. OXIDATION AT pH 6 
HOCl 
The data collected ~t pH 6 can be used to calculate kCJ01_, 
HOCl HOCl HOCl . kHPo
4 
=, k01_ , arrl kO • The data collected at constant so::lxum 
cblorid e concentration and hydroxide ion activity may be used to 
HOCl kHOCl determine k001_ and _l-IP04 
=• This was done, using three sets of data 
collected at each of the sodium dihydrogen phosphate to disodium 
hydrogen phosphate ratios, using the eqtlation: 
HOCl ( =) HOCl (O ) kobs = k + kHPQ = HP04 + kOcl- cl-
4 . 
The data for these calculations are runs A-45 to A-53 inclusive. 
From the above equation and the table of data the following values 
have been obtained. 
For NaHzP04 
Na HPO = l.O 
2 4 1 0 
60.4 x l0-6 = k • + (0.424) kHOCl HOCl HPo
4
= + (O.ol6o) (1.15) (o.069) kQ01_ 
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1.0 HOC1 HOC1 52.1 x 10-5 = k + (0.318) kHPo = + (o.oJ..45) (1.15)(0.069) k001-4 
-5 1.0 HOCl HOC1 41.0 x 10 = k + (0.212) kHPo = + (o.Oll3) (1.15)(o.069) kQ01_ 4 
,)1001 z 2 ~Cl- = 0.205 liter /mole -second 
HOCl -· 2 2 k = = 57 x 10-5 liter /mole -second HP04 
For NaH2P04 - 5 
Na2HP04 - o. 
0.5 HOCl . HOCl 89.5 x l0-5 = k + (0.484) kHPo
4
= + (o.o206) (1.15) (0.143) kQ01_ 
0.5 HOCl HOCJ.. 71.1 x l0-5 = k + (0.362) kffi,o
4
= + {0.0146) (1.15) (0.143) k001_ 
64.4 x 10-5 = k0 .5 + {0.242) ~~~= + (0.0153) (1.15) (0.143) k~~= 
HOCl a 2 kQ01_ = 0.105 liter /mole -second 
HOCl 2 2 
kliPo = = 66 x 10-5 liter /mole -second 
4 
Na.H 2P04 For Na2HP04 = 2.0 
_5 2.0 HOC1 . HOC1 41.2 x 10 =kQ + (0.340) kHPo = + (0.0200) (1.15) (0.024) k001_ 
. 4 . 
34.6 X 10-6 = ~·0 + (0.254) kHOCl= + (0.0132) (1.15) (0.024) kHOCl 
. HP04 001-
2.0 HOCl HOC1 
28.4 x l0-5 = ko + (0.169) k = + (o.o150) (1.15) (0.024) koc1-HOC1 HP04 · · 
k = 0.017 liter2/mole2-second 
ocl-
HOCl 2 2 k _ = 63 x 10-6 liter /mole -seoond 
Hpo4-
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1.0 
0.5 
2.0 
Table 55 
HOCl HOCl kQc1- and ~O = as a FUnction of Nafl2P04 /Na2 HP04 4 
HOCl 
k oc1-
0.2 
0.1 
HOCl 
kHPo = 
4 2" 
liter2 /mole -sec. 
57 X 10-6 
66 X 10-5 
63 X 10-5 
Average values 0.1 
. HOCl HOCl 
The above values are then used in calculat~ng kO and ken-
using the data from runs A-53 and A-80. 
The general equation 
k b = ~OCl + kHOCl (Cl-) + ~~-001= (HP04 =) + ko~~= (OCl-) 
o s Cl- ~ 4 
is used. 
HOCl HOCl 28.4 X 10-5 = ko + kCl_ (0.094) + (62 X 10-5 ) (0.169) + 
(0.1) (0.024) (0.0150) (1.15) 
oom oom - -
= kQ + kc1- (0.590) + (62 X 10-6 ) (0.086) + 
(0.1) (0.024) (0.0167) (1.15) 
HOCl 2 2 
k01_ = 2 x l0-
5 liter /mole -second 
HOCl ko = 14 x 10-5 liter/mole-second 
4. CONCLUDJNG mmRKS ON THE OXIDATION OF MEI'HYL- q -D-GLUCOSIDE 
The order in methyl-o<'-D-glucoside is a .variabie quantity; i.e., 
its value is likely to be anJ11vhere from zero to one. The observed 
vaJ.ue is probably a function of the equilibrium, 
lTI 
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Oxidant + reductant 
rapid _ 
?evers~ble oxidant reductant, as evidenced 
by the fact that the order as determined is depen:lent on the con-
centrations of reductant being compared. This is explained further 
in the following section. 
The rate constants 1~ich were found are tabulated below. 
Table 56 
Rate and Catalytic Constants for Methyl- o( -D-Glucoside 
pH 2.1 pH 4.6 pH 6 
~:La : -5.4 X 10-3 k§gCl = 0.155 1- 1-Cla 5 kQ . = 2 .81 X 10-
~001 = 3.3 X l0-5 {OCl = 1- 24 X 10-5 ~001 1- = 2 X 10-5 
~12 Ac- = -28 X 10-5 kHOOl = 62 X 10-5 HPo4 = 
kHOOl 
= 5 X 10-5 ~OCl = 14 X 10-5 OAc-kHOCl = 23 X l0-
5 
Cl-
Ox kH2po
4
- = 3.6 X l0-6 ~OOl = 15 X 10-5 
All constants except ~12 and ~OCl are in units of liter2 /mole2 -
second. The uncatalyzed constants are in units of liter/mole-second. 
The values for ~OCl at pH 4.6 and 6 are in good agreement as are the 
HOCl HOCl 
values for kcl- at pH 2.l and 4.6. The value for ko at pH 2.l is low 
HOCl 
as is the value for kcl- at pH 6. These data suggest the possibility 
that the mechanism of oxidation may be a function of pH. The value for 
Cl2 kcl- at pH 4.6 is not considered to be significant inasmuch as it was 
derived from solutions containing at least 99% of the oxidant as HOCl • 
./ 
pH 2.1 
Time (hr) 
3.00 
5.80 
9.30 
13.50 
21.50 
36.00 
48.00 
59.00 
72.00 
St~ichiometr1 
pH 4.6 
RatiO* Time (hr} Ratio-:-~ 
7.0 3.00 8.4 
8.9 12.00 10.5 
8.1 36.00 ll.2 
7.4 48.00 9.7 
10.6 
9.2 
8.2 
9.9 
ll.l 
* M.E. (Ox) reacted 
)nmoles · reductant reacted 
XII. OXIDATIONS IN THE BETA SERIES 
pH 6.3 
Time (hr) RatiO* 
3.00 o.5 
6.00 2.5 
12.00 5.0 
24.00 8.1 
30.00 9.8 
36.00 ll.l 
48.00 12.0 
It must be borne in mind that lack of availability of these 
substrates has seriously limited the number of runs made to prove 
any particular point. 
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XIII. METHYL-~ -D-GLUCOSIDE 
1. OXIDATION AT pH 2.1 
A. VARIATION OF RATE T;ITTH INITIAL OXIDANT CONCENTRATION 
Previous data have shown that the variation in rate with initial 
oxidant concentration is small. Thus the conclusion is made that 
hypochlorous acid an::l molecular chlorine oxidize at approximately 
the same rate. 
B. EVALUATION OF CAT.ALYfiC CONSTA..~S 
It has been determined that catalysis by HaP04 - at this pH is 
negligible. The value of ~12 as determined in perchloric acid 
solution is 4.42 x l0-4 liter/mole-second. 
2. OXIDATION AT pH 4.6 
and 
From the 11 DATA11 section, 
Ox 2 2 
k = 2.34 x 10-4 liter /mole -second 
0Ac-
~x = 1.94 x 10-4 liter/mole-second 
where koOx contains all other possible catalytic effects or 
koOx = ~OCl (C\") + ~l2 (1- <X') + k~~: {1-oC) (Cl-) 
HOCl HOCl Cla To calculate for kcl- , k() and k01_, it is necessary to use 
Ox 
some data from pH 2.1 as well as the kQ value recorded above. The 
data from runs E-18 and E-27 were used to set up one equation, those 
from run E-17 to set up another, and finally the ~x value dete:rndned 
above for a third equation. 
Thus, insertion of the proper values into Equation 
HOCl HOCl 
1.94 X 10-4 = kQ (0.98) + (4.42 X 10-4 )(0.02) + ~l- (0.98)(0.75) 
+ ~i: (0.02)(0.75) 
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HOCl . . HOCl 
6.23 X 10-4 = kQ (0.21) + (4.42) X 10-4 (0.79) + kCl (0.21) (0.38) 
+ k~i~ (0.79) (0.38) 
· ~1· oom 
4.28 X 10-4 = kQ (0.90) + (4.42 X 10-4 ) (0.5Q) + kQl- (0.50) (0.093) 
+ ~i: (0.50) (0.093) 
and solving for the constants leads to the following values. 
HOCl 2 ·. 2 I<C1- = -2.6 x 10-
4 liter /mole -second 
Cl2 2 2 
kcl- = 7. 2 x 10-4 liter /mole -second 
~Cl = 3.7 x 10-4 liter/mole-second 
The specific reaction rates, k00A
12 and kH001, can also be determined 
c· 0Ac-
by employing the follo1dng relationships. It has been shmm that 
Ox 2 2 
kOAc· = 2.34 x 10-4 liter /mole -second. Thus, 
2.J4 X 10-4 = ~!~- (1- q) + ~~= ( o() 
The observed rate constant in run 8 can be equated as follolr;rs: 
(53) kobs = ~12 (1-o<) + ~OCl (o<::) + ~i! (1- o( ) (Cl-) + ~~~1 ( o( ) 
(cl-) + ~~- (1- o<) (OAc-) + ~~~= (o< ) (OAc-) 
· · Cl2 HOCl Cl HOCl 
The values for ko , ko , kQ1:, and k01_ have already been determined, 
t herefore, the :rroper substitution leads to 
5.47 X 10-4 = (4.42 xl0-4 )(0.0015) + (3.7 X 10-4)(0.9985) + (7.2 X 10-4)' 
(0.0015)(0.059) + (-2 X 10-4 )(0.9985)(0.059) + (0.0015)(1.046) kg~~-
H0Cl . 
= (0.9985)(1.046) kOAc-
or 
1.90 X J.0-4 = 0.00157 k§~~- + 1.043 ~~~: 
Thus, the two simultaneous equations are solved for ~~~- an:i 
HOCl 
kOAc-• 
C~ HOCl 
2.34 x 10-4 = 0.0202 kDAc- + 0.980 kOAc-
1 90 ~ 10-4 = 0 00lc7 kOla + 1 043 ~001 • ...... • ;:; OAc- • OAc-
012 2 2 
koAc- = 3 x 10-a liter /mole -second 
rDCl 2 2 
kDAc- =·2 x 10-4 liter /mole -second 
3. OXIDATION AT pH 6 
In the pH region of 5.8 to 6.5, the observed rate constant can 
be equated in the following way. 
HOCl HCCl = HOCl . _ HOCl 
kobs = ko + ~04 = (HP04 ) + kocJ.- (001 ) + koH- (OW) 
Various forms of this equation will be used to determine the values for 
the constants. 
The data from runs E-3, E-13, and E-16 can be used to determine 
the value f or ~i=· The follovTing equation is used. 
HOCl 
kobs = k~ + kOCl- (1-J) (Ox) 
· HOCl ( 1) 
18.4 X 10-4 = k~ + kOCl- (0.143)(0.0 236 X 1.15) 
15.3 X 10-4 = k~ + Iu~i= (0.143)(0.0153 X 1.15) 
HOCl . . 
11.5 X 10-4 = k~ . + kOCl- (0.143)(0.00925 X 1.15) 
HOCl . 2 2 k001_ = 0.29 z 0.06 l~ter /mole -second h..OCl 
This value for k001_ can then be used to d etennine the quantity 
HOGl 
kHPO = by utilizing the data from runs E-2 arxl E-4 and the general 
4 
equation belm1. 
HOCl = HOCl _ 
kobs = ~ + ~4= (HP04 ) + kQCl- (OCl ) 
12.0 X 10-4 = kz + 0.358 k~l= + (0.29)(0.069)(0.0152)(1.15) 
4 
15.4 X 10-4 = kz + 0.449 ~g!= + (0.29)(0.069)(0.0190)(1.15) 
(1) Specific gravity - 1.15. Deviation from this value is 
negligible 
~T-IOCl = 2. 2 x J.0-3 lite/ /mole 2 -second HP04= 
HOGl HOCl . l<z = J.r"' + kOH- (oH-) = 1.0 x 10-4 lJ.ter/mole-second 
Runs E-1, E-2, and E-3 were used to determine the values of 
kHOCl ,)IOGl and 1rHOGl The equations are set up accordinaCf to OGl-' ~H- '"0 • 
the following scheme: 
kobs = ~OGl + ~~~l= (HF04=) + ~~: (OCl-) + ~~91 (OH-) 
4 
The values for ~-rg~~ and ~ogl = previously determined were used. 
4 
Thus, 
9.65 X 10-4 = ~OGl + 0.359 (2.2 X 10-3 ) + (0.024) (0.0172 X 1.15) 
HOCl (0.29) + (6 x l0-9 ) k0~ 
12.0 x l0-4 = ~OGl + 0.358 (2.2 X 10-3 ) + (0.069) (0.0152 X 1.15) 
(0.29) + (16 X 10-9 ) k~~l 
18.4 X 10-4 = ~OCl + 0.358 (2.2 X 10-3) + (0.143) (0.0236 X 1.15) 
HOCl (0.29) + (40 X 10-9) koH-
The solution of these equations indicates that ~~~l approx:ilnates 
zero. In addition, the value for ~OCl = 1 x lQ-4 liter/mole-second. 
One more constant needs to be determined to complete the data 
at pH 6. This constant is k~~~~ the value for which may be determined 
by compa.ring runs E-2 and E-5. 
The ecp.ation which is used is: 
k = k + k~0~1 (cl-) + tr!!00~ (oCl-) 
obs 3 ·vl 4~Cl 
where k .,. ,IDOl k~l (HPO .. ) kHOCl (O~) 3 KO. + ~o4• 4 + OH-
Thus, 
HOCl 
12.0 X 10-4 = k3 + kCl- (0) + 0.29 (0.069) (0.0152 X 1.15) 
11.4 X 10-4 = k3 + kffOCl (0.360) + 0.29 (0.069) (0.0184 X 1.15) Cl-
HOCl 2 2 
kcl- = -3.6 x 10-4 liter /mole -second 
a: a ka = 8.5 x 10-4 liter /mo113 -second 
HOCl HOCl HOCl 
The values for kffi>o =' kOH- 1 and k() which have already been 
4 
determined may be checked in an empirical way by comparing the value 
of k3 above with that found by substitution of the previously found 
catalytic constant values. 
ka = ~OCl + ~1. (HP04=) 
4 . 
or k3 = 1 x 10-4 + (22 x 10-4) (0.360) + 0 
2 2 
k3 = 8.8 x lQ-4 liter /mole -second 
This compares very favorably with the above value of 8.5 x 10-4 
2 2 " 
liter /mole -second for ka• 
4. SUMMARY OF RATE AND CATALYTIC CONSTANTS FOR METHYL? -D-GLUCOSIDE 
The rate and catalytic constants collected using methyl-p -D-
glucoside as substrate are tabulated below. The results collected at 
different hydrogen ion concentrations are in fairly good agreement. 
Table 57 
Rate and Catalytic Constants for Methyl j6 -D-Glucoside 
.:eH 2.1 pH ~6 pH 6 
~l2 = 4.42 X 10-4 ~OCl = 3e7 X 10-4 ~~~= = 0.29 
Cl k01~ • 7.2 X 10-4 
HOCl · 
kCl- = -2.6 X 10-4 
~l = 110 2.2 X lQ\-3 
4 
~Cl • 1 X 10-4 
184 
kHOCl =zero OH-
185 
The value of k~~l has been determined at two hydrogen ion con-
centrations. The agreement between these values is good. In connection 
with this it should be mentioned that the stoichiometry results at all 
three hydrogen ion ooncentrations indicate that approximately four 
moles of oxidant are consumed per mole of reductant under conditions 
where oxidant and reductant are present in equimolar quantities. 
The values at pH 2.1 and pH 4.6 are in excellent agreement. The 
value of ~OCl at pH 6 is approximately four times srraller than that 
at pH 4.6. As we have seen, the stoichiometry values are unable to 
accotm.t for this discrepancy. In any event, this discrepancy is small 
when the source of the values is considered. 
stoichiometr;z 
pH 2 .1 pH 1~.6 ;EH 6. 3 
Time (hrs) . Ratio-li- Time (hrs) Ratio-l<- Time (hrs ) Ratio* 
0 .10 0.10 0.10 
6 . 0 5.4 3.10 20.8 3.10 5.5 
12. 0 6 .1 6 . 00 11.9 6 .00 7-7 
24.0 5.6 14.0 6.1 14.0 8.4 
36. 0 6 . 5 36. 0 9 . 6 24.0 9 -5 
48 . 0 7 -3 48 . 0 9 . 6 36 . 0 11.6 
48 .0 11.8 
* 
Ivl. E . ~Ox) 
mmo1es reductant 
XIV. ISOBUTYL~-D-GLUCOSIDE 
1. OXIDATION AT pH 2.1 
The 11 DATA". section has revealed that the effect of variations in 
186 
the initial oxidant concentration at constant chloride ion concentrations 
is negligible. Also, catalysis by H2 P04- is not significant. 
The data at this pH are insufficient to calculate ~12, ~00\ 
012 HOCl k01_:, arrl k01_ • HOrTever, two equations in fbur unknowns can be used 
along with the data at pH 4.6. Thus, the average of runs G-8 and G-17 
plus ron G-9 can be used in the general equation: 
kobs = ~~ (1-o() + ~Cl ( o( ) + k~i! (1- o() + k~~l (o() (Cl-) 
01 · HOCl Cl · HOCl 
20.8 x lQ-4 = kO 2 (0.79) + k() (0.21) + kCl~ (0.79)(0.375) + k01_ 
(0.21) (0.375) 
11.8 x 10-4 = ~12 (0.50) + ~OCl (0 • .50) + k~i~ (0 • .50)(0.093) + k~l 
(0 • .50) (0.093) 
2. OXJ])ATION AT pH 4.6 
The collected data are insufficient to warrant the direct 
determination of k0~ and kHOOl. However, it is possible to arrive 
OAc- OAc-
at a reasonable value for these constants by successively approxi-
mating the ratio of ~:2 _/kHOCl. Tlms, using the approxjmat:i.on that 
-uAc OAe-Cl 2 2 
the ra:t io equals 30 leads to k0 
2 
= 4.95 x 10-3 liter /mole -second Ac-
HOCl 2 2 
and kOAc- = 1.65 x 10-4 liter /mole -second. Insertion of these 
values into the general equation, 
kobs = ~01( 0\ ) + ~12 (1- p( ) + k~~~\ o< )(Cl•) + ~i! (1- tX')(cl-) + 
k_IOCl ( ()( )(OAc-) + kCl2. (1- !V)(O.Ac-) OAc- oxe- V\ 
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and using the data from the average of runs G-1 and G-16 aJ.ong with 
run G-3 leads to the following results. 
4.75 X 10-4 = 0.98 ~OCl + 0.02 ~12 + (0.98)(0.75) k~~l + (0.02)(0.75) 
kg~+ (0.98 )l(l.036)(1.65 X 10-4) + (0.02)(1.036)(1.19.5 X 10-4) 
3.53 X 10-4 = 0.98 ~OCl + 0.02 ~12 + (0.98)(0.75) ~~~1 + (0.02)(0.75): 
Cl 
kCl: + (0.98)(0.569)(1.65 X 10-4) + (0.02)(0.569)(49.5 X 10-4) 
or 
for both equations. HOCl Therefore, the values assumed f or kO.Ac- arrl 
appear reasonable. 
It is also possible to evaluate k~~, and ~~1, ~12 and ~cxn : by 
using the above equation plus run G-2 and the data collected at pH 2.1. 
The general equation employed is:: 
kobs =~001(cx' ) + ~12(1- £X ) + ~~1(o<' )(Cl-) + kgi~{l- o0· (01-) 
This equation quite obviously does not account for the presence 
of buffer components. The only rate constant which needs cor recting 
is that from run G-2 because of the presence of acetate ion. It has 
been established that dihydrogen phosphate ion does not contribute 
to the rate of reaction. 
Thus the following four simultaneous equations are set and 
solved. The data based on acetate :runs have been corrected for the 
presence of this ion. 
2.05 x l0-4 = 0.98 ~Cl + 0.02 ~l2 + (0.98)(0.7~kc~l + (0.02)(0.75) 
kCla 
Cl• 
20.7 x 10-4 = 0.21 koHOCl + 0.79 ~l2 + (0.21)(0.375) ~~~l + (0.79) 
(0.375) ~i~ 
11.8 x 10-4 = 0.50 ~OCl + 0.5Q ~la + (0.50)(0.093) ~Ql + (0.50) 
(0 .093) k~~~ 
3.26 X 10-4 = 0.998 ~001 + 0.002 ~l2 + (0.998)(0.058) k~~l + 
Cl 2 2 
k01: = 16 x l0-
4 liter /mole -second 
k&1a = 19 x 10-4 liter/mole-second 
~OCl = 3.8 x 10-4 liter/mole-second 
3. OXIDATION AT pH 6 
(0.002)(0.058) ~i! 
In roost o:f the oxidations at pH 6 it has been noted that there 
appears to be catalysis by hypochlorite ion. This apparently is· true 
:for isobutyl-,P -D-glucosjd e al oo. From the data oo llected at this 
_ HOCl ,)!001 HOCl HOOl HOCl 
pH it is possible to evaluate 1("001_, ~l- , kfiro4 =1 koH- 1 and kO • 
The data which are used to evaluate these constants are runs G-41 51 
61 7 arrl 14~ 
The data :from the above runs are appropriately inserted into the 
general equation: 
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kobs = ~01 + ~r!(l-ol)(Ox) + eo~= (HP04 "") + ~~1 (0~) + k~~~ (Ol-) 
' . 
ll.2 X 10-4 = ~OQl + ~ci= (0.069)(0.0190 X 1el5) + ~~- (0.355) + 
kQ~l (16 X lQ-9) 
15.1 x 10-4 = l\ol10Cl + ~~~ (O.ll.G)(O.Ol89 x 1.15) + ~g!= (0~351) + 
. ~~~l (40 X lQ-9 )) 
10.7 X 10-4 = ~OCl + ~i= (0.069)(0.0142 X 1.15) + kHOCl= (0.447) + 
· HOCl HP04 
koH- (16 xl0-9) 
12.0 X 10-4 = ~CCl + ~~= (0.069)(0.0170 X 1.15) + ~g~= (0.356) + 
k~~~ (16 X 10-9) + k~~~ (0.356) 
8.15 X l0-4 = koHOCl + ~ci= (0.069){0.0060 X 1.15) + ~gl = (0.355) + 
· · HOCl 4 
kOH- (16 X 10-9) 
IDCl . 2/ a kOcl- = 0.29 l~ter mole -second 
HOCl a 2 K01_ = -2.0 x 10-4 liter /mole -second 
HOCl 2 2 kffPo = = 6.5 x 10-4 liter /mole -second 
4 
HOCl a 2 : 
kQH- = -3 x 103 - liter /mole -second 
~OCl = 5.0 x 10-4 liter/mole-second 
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4. SUMMARY OF RATE AND CATALYTIC CONSTANTS FOR. ISOBUTYL~~ -D-GLUCOSIDE 
The rate and catalytic constants which have been found a.re recorded 
below. 
Table ~ 
Rit:e and Catalytic Constants for Isobutyl~ -D-GJ.ucoside 
pH 2.1 and pH 4.6 pH 6 
Cia HOCl kO = 19 x 10-4 kQc1- = 0.29 
~QCl = 3.8 X 10-4 ~~~ = -2 X 10-4 
kCl2 = 16 X 10-4 ~1= = 6.5 X 10-4 Cl- ~4 
~Cl = -6 X 10-4 ,)I~l = -3 X 10-4 
Cl- "''n 
kCJ.a = 50 X 10-4 ~OOl = 5.0 X l0-4 0Ac- . 
vHr'IQl = 2 X 10-4 ~c- . 
The rate constants are in units of liter/mole-second 'Whereas 
2 2 .. 
the catalytic constants are in unit s of liter /mt:Jle -second. 
It should be noted that with this substrate a minimum . amount of 
data has been collected thus making it necessary in some cases to 
use the results from runs in different buffers to determine the 
constants. 
It is interesting to note that the value for ~~~l which was 
determined from pH 2.1 and pH 4.6 data compares very favorably with 
that obtained from pH 6 da;ta. In addition, the koHOCl values determined 
at the various hydrogen ion concentrations also agree very well.. 
This is without any stoichiometric cons:id erations, thus, it may be 
concluded that the stoichiometries at fue various hydrogen ion 
concentrations are not very different. This is in agreement -with 
the stoichiometry values found for isopropyl~ -Do.gluco side and 
rnethylr1 -D-gl ucoside. 
XV. IOOPROPYL•;6 -D-CLUCOSIDE 
1. OXIDATION AT pH 2.1 
The 11 DATA" section has revealed that the effect of variations in 
the initial oxidant concentration at constant cl- concentrat ion is 
negligible as is catalysis by H2P04 -. 
At this pH there are no data available which can be used to 
determine ~la, ~OCl, ~j:~ and ~~l. . However, two equations in 
f our unknowns can be extracted from the data and these equations 
then used wi. th the data from pH 4.6 to cal.culat.e the above constants~ 
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The average of runs F-6 and F-18 plus F-11 are employed :in the 
general equation:: 
k b = ~12 (1- t() + ~OCl ( eX ) + k~ll~ (1- o( )(cl-) + k HOCl ( o() (Cl•) 
o s -c Cl-
14.Z X 10-4 = ~12 (0~79) + ~OCl (0.21) ~ ~i! (0.79) (0.376) + 
. k~~l (0.21) (0.376) . 
10.3 X 10-4 = ~12 (O.Sb) + ~OCl (0.50) + k~= (0.50) (0.094) + 
HOCl ·· k01_ (o.Sb) (0.094) 
2. OXJJJATION AT pH 4.6 
It is possible to evaluate ~~: and ~!~- :in a manner sim:i.l.ar 
to that used for isobutyl~ -D-glucoside. 
ox 2 2 
It was found that kDAc- = 3.5 x 10-4 liter /IOOle -second or 
2 2 k~xAc_ a r/ kHOCl + (1-o( ) k0o' la = 3.5 X l0-4 liter /roole -second. 
-u OAc- Ac-
. Cl2 . HOCl . HOCl. 
.1\ssunu.ng that kOAc-/kOA:c- = 301 the followmg values for kOAc-
are found. 
Cl 2 2 kQA~- = 6.6 x 10-a liter /mole -second 
HOCl 2 2 
k6Ac- = 2.2 x 10-4 liter /mole -second 
A ratio of k~:;,2_fk:H000 ·· l = 30 was assumed because th:is was the ratio -uAc Ac-
found for D-g.lucose. In addition, the above constants yielded con-
sistant results when inserted into the two appropriate rate constant 
equations as :indicated below. 
Substituting these data along with those of runs F-2, F-3, F-4 
and F-13 into the general equation 
kobs = ~00~+ (1- o< ) ~12 + k~~~= (0( ) (OAc-) + ~~~- (1- o<) (OAc-) 
· HOCl Cla 
+ kcl- (cl-) ( o( ) + k01_ (1- t:() (c1·) 
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the following result is obtained: 
4.92 X 10-4 .,. 0.98 ~OCl + 0.02 ~~ + (0.98) (0.75) ~~~1 + (.02) 
01 . . 
(0.75) kC1: + (0.98) (1.03) (2.2 X 10-4) + (0.02) (103) (66 X 10-4) 
3.31 X 10-4 = (0.98) ~Cl + {0.02) ~12 + (0.98) (0.75) ~~ t (0.02) 
(0.75) kgi~· + (0.98) (0.57) (2.2 X 10-4) + (0.02) (0.57)(66 X 10-4) 
or 
1~34 X 10-4 = 0.98 ~001 + 0~02 ~12 + 0.735 k~~1 + 0.0150 kg~ 
1~33 X 10-4 = 0.98 ~1 + 0.02 ~12 + 0.735 k~~~ + 0.0150 kgi~ 
T:tru.s, the agreement is good. ~ither of these equations can be used, 
HOCl Cl · in conjunction with runs F-6, F-11, and F-1, to calculate k01_ , k01 ~:, 
~12' and ~001. 
The .fbllowing equations have been set up according to the general 
equation, be10ii' and have been corrected for the presence of acetate. 
No oorrection need be applied for the presence of dihydrogen phosphate 
kobs = ~00}(+ (1- oO ~12 + ~~l (o< ) (01-) +kg: (1- <t ) (01-) 
ion because as we have seen, it does not cmtribute to the rate. 
1.33 x 10-4 = 0.98 ~OCl + 0.02 ~12 + 0.735 k~~ + 0.0150 k~~ 
4 . HOCl Cl2 HOC! 012 10.3 x 10- = O.Sb ko + 0.90 ko + 0.047 k01- + 0.047 k01_ 
HOC1 · 01 HOCl 01 
14.9 X 10-4 = 0.21 kO + 0.79 kQ 2 + 0.079 k01- + 0.297 k01~ 
. H001 .. Cla HOCl · C12 5.8~ x l0-4 = 0•998 ko + o.oo2 kO + o.o.59 k01_ + o.ooo~ kQ1- ' 
HOCl 2 . a: k = -3.0 x 10-4 liter /mole -second 
Cl-
Cl ~ 2 
k01: = 9.4 x 10-' liter /mole -second 
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~la: = 14 x 10-4 liter/mole-second 
HOC1 . . kO = 1.4 x 10-4 1~ter/mo1e-second 
3. OXIDATION AT pH 6 
The data from pH 6, namely, runs F-5, F-1, F-8, F-9, and F-14 can 
be used to determine the values for ,JI01~1, tJIOC1 0°01 arid ,JfOC1 ~ ~o4=' o~ KO • 
The general equation into which these values are inserted is: 
k = trJ!OCl + l]IOCl (OC1-) + kl_!0C1(c1-) + kl_!OCl (0~) + kHOC1 (HPO =) 
obs M() .l\001- --a1- --uH- HP04= 4 
17el X 10~ = ~1 + (16 X 10-9 ) ~~21 + (0.069)(0.0222 X 1.15) 
k~901 + 0 363 kHOCl 
-w1- • . HP04 = 
21.7 X 10-4 = ~C1 + (40 X 10-9) ~~1 + (0.143)(0.0211 X 1.15) 
kHOCl + 0.358 00C1 
0C1- HPO = 4 
19.8 X 10-4 = ~Cl + (16 X 10-9) ~~1 + (0.069)(0.0218 X 1.15) 
kHOC1 + 0 448 k~91 OCl- • Iit'U4= 
HOC1 HOC1 . 14.3 X 10-4 a k() + (16 X 10-9) k:OH- + (0.069)(0.0174 X 1.15) 
kHOC1 + 0 357 k~~~1- + 0 357 k~01 OC1- • £IP04- • --u1• 
15.6 X 10-4 = ~C1 + (16 X 10-9 ) ~~~1 + (0.069)(0.0140 X 1.15) 
HOC1 HOCl 
k0c1- + 0.357 kffPo = 
4 
4. SJMMARY OF RATE AND CATALYTIC CONSTANTS FOR ISOPROPYL-A' -D-
GLUCOSIDE r 
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The following results are an accumulation of constants found through-
out this section. 
Table 59 
Rate and Catalytic Constants for Isopropylj6 -D-Glucoside 
EH 2.1 and pH 4.6 EH 6 
Cl k(} 2 a J.4 X 10-4 
koHOCl • 1.4 x 10-4 
~i! a 9e4 X lQ-4 
:OOCl kQl- = -3.0 X lQ-4 
kCl:a = 66 10-4 
-uAo- x 
~~~ = 2e2 X lQ-4 
~OCl = -5.0 X l0-4 Cl-
~OCJ. ""' 0 e3 X 10-4 
194 
The rate constants are in units of liter/mle-second and the catalytic 
a: 2 
constants in units of liter /mole -second. 
The constants recorded under pH 2.1 and pH 4.6 are all dependent 
on the values found for ~~- and ~~=· There are but two constants, 
derived from two different sources of data, lobich can be oompared. 
For ex:ample, ~OCl obtained from pH 2.1 and pH 4..6 data is 1.4 x lQ-4 
which is to be compared with 0.3 x 10-4 from pH 6 data. This discrepancy 
cannot be a result of varying stoichiometry because the change is in 
the wrong direction. One poss:ible way of explaining this discrepancy 
is tm t the value obtained at pH 2.1 and 4.6 depends on the values of 
~~= and ~_i~;.., which may be in error. This does not appear too 
reasonable in view of the fact that the values were checked as indicated 
above. The five fold difference can then only be interpreted as being 
ROCl highly uncertain, particularly in view of the fact that k0 con-
tr.ibutes only 10% of ihe rate at pH 6. 
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U d th t t +' d. t . kHOCl d t · n er e wo se s o~ con~ ~ons, Cl- was e erm~ned. The results 
of' -3 x 10-4 and -5 x l0-4 are in good agreement. 
Stoichiometry 
pH 2.1 pH 4.6 pH 6.3 
Time (hr) Ratio* Time (br) Ratio* Time (hr) Ratio* 
3.0 5.1 3.0 6 .0 3.0 4.6 
6 .0 3.9 6.0 8.4 6.0 6.1 
12.0 5.4 12.0 12.2 12.0 8.5 
24.0 8 .3 26.0 11.0 26.0 12.3 
36.0 10.8 36.0 11.3 36.0 13.6 
48.0 13.3 48.0 11.7 48.0 14.2 
XVI. TERTIARY BUTYL-;6 -D-GLUCOSIDE 
The statement has previously been made that the data obtained f'rom 
this substrate were sketchy and uncertain. The f'act that three batches 
were employed in the collection of' the data and of' these three batches one 
vras in disagreement with the other two suggests that the data are not valid. 
Optical rotation data at pH 2.1 reveal the instability of' this substrate 
suggesting hydrolysis to glucose and alcohol. Consequently, the data will 
not be analyzed. 
XVII. CHEMICAL CHANGES TAKING PLACE ON OXIDATION OF VARIOUS SUBSTRATES 
There is but scant information available on the chemical changes 
that take place on the oxidation of glucose and glucosides by chlorine 
water at various acidities. 
1. D-GLUCOSE 
Previously published information suggests that d-glucose yields 
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D-gluconic acid in acidic(l) and alkaline( 2 ) medium. More recently Hender-
son(3) has found in a cursory examination of the oxidation products of 
glucose at pH 4.5 that small quantities of D-arabinose were formed. 
The bromine water oxidation of this substrate has been more exten-
sively studied. The initial reaction is to the gluconic acid stage in 
.d( 4) ( 2) d .ldl .d. (5) strongly ac~ , alkaline an m~ y ac~ ~c media. On the basis of 
the above information it will be assumed that the main product formed from 
the oxidation of glucose at all hydrogen ion concentrations is the gluconic 
acid stage. 
2. "GLUCONO-J ·-IACTONE" 
Two separate workers have revealed that a derivative of 2-keto-D-
gluconic acid can be isolated from the reaction product of "glucono-J' -
lactone" oxidation. After oxidation at pH 7, Shilov( 6 ) obtained the 
phenylhydrazine derivative of 2-keto-D-gluconic acid. Henderson( 3), on 
the other hand, obtained the calcium salt of 2-keto-D-gluconic acid plus 
a trace quantity of arabinose after oxidation at pH 4.5. According to 
Shilov, further oxidation of the 2-keto-D-gluconic acid is very slow. 
This fact is supported by Henderson. All this information suggests that 
the reaction product is 2-keto-D-gluconic acid and that any studies involv-
ing excess "glucono- &-lactone" should be a measure of the rate of formation 
(1) H. Hlasiwetz and J. Habermann, Ber., 3, 486 (1870) 
(2) M. Honig and F. Tempus, ibid., 2]_, 787 (1924) 
(3) J. T. Henderson, J. Am. Chern. Soc., ]2, 5304 (1957) 
(4) H. Kiliani and s. Kleeman, Ber., 17, 1296 (1884) 
(5) c. s. Hudson and H. s. Isbell, J. Am. Chern. Soc., 2!' 2225 (1929) 
(6) E. A. Shilov and A. A. Yasnikov, Ukrain. Khim. Zhur., 18, 595 (1952) 
197 
of the keto gluconic acid. The main contradictory piece of evidence is that 
of Dyferman, Lindberg and Wood. These authors indicated that the oxidation 
product in strongly acidic medium is 5-keto-D-gluconic acid which was 
identified by paper chromatography. 
3. METHYL) -:D-GLUCOSIDE 
The products formed on oxidation of methyl-;6 -D-glucoside in the very 
acid to mildly alkaline region have been studied using paper chromatography. 
The initial work by Dyfverman, Lindberg and Wood(l) involving chlorine 
water in unbuffered solution indicated that the reaction proceeds initially 
to the gluconic acid stage with 5-keto-D-gluconic acid and D-glucaric 
acid being formed subsequently. They proved that oxidation was not pre-
ceded by hydrolysis. 
(2) 
More recently Henderson has reported that the principal products 
formed on oxidation of methyl-(3 -D-glucoside at pH 4.5 are D-glucose, 
D-arabinose, oxalic acid and carbon dioxide. 
Theander( 3 ) has very recently made a study of the products formed on 
oxidation of methyl-~ -D-glucoside in the pH range 2.1-10.0. The con-
clusion that he arrived at was that the neutral products formed are: 
D-glucose, D-arabinose, methyl jAl -D-2-oxoglucoside, methyl;6 -D-3-
oxoglucoside, methyl~ -D-6-oxoglucoside and small quantities of methyl-
;6 -D-4-oxoglucoside. The acidic products contained mainly gluconic acid 
plus glyoxylic and erythronic acids. The highest yield of gluconic acid 
was obtained on treatment with chlorine water as opposed to hypochlorite. 
(1) a. A. Dyfverman, B. Lindberg and D. Wood, Acta Chern. Scand., 2, 253 (1951) 
b. A. Dyfverman, ibid., !, 280 (1953) 
c. B. Lindberg and D. WoOd, ibid., 6, 791 (1952) 
(2) J. T. Henderson, J. Am. Chern. Soc., ]2, 5304 (1957) 
(3) 0. Theander, Svensk, Papperstidn., 61, 581 (1958) 
In all cases the quantity of glucose always exceeded the quantity of 
arabinose. The maximum quantity of neutral products was found at pH 4.0. 
Theander suggests that this may be correlated to the fact that hypo-
chlorous acid has its maximum concentration at this pH. 
4. METHYL- tX-D-GLUCOSE 
Dyfverman, Lindberg and Wood(l) have reported the products of 
oxidation of this substrate by chlorine water in unbuffered solution to 
be the same as those of methyl.~ -D-glucose. The rate of oxidation is, 
however, slower. 
5. CONCLUSIONS 
On the basis of the above information, the following comments are 
noteworthy. The most selective oxidative component of chlorine water 
is molecular chlorine. The initial oxidation product of either methyl-
;6 -D-glucoside, methyl- c(-D-glucoside and presumably the other glucosides 
as well as glucose is the gluconic acid stage. In pH regions where a 
fairly large proportion of hypochlorous acid is present, the oxidation 
products are likely to consist of a mixture of products. 
There is no evidence to indicate the oxidation product of 11glucono-
{;-lactone" is completely 2-keto-D-gluconic acid. Dyfverman's work showed 
5-keto-D-gluconic acid to be present at high acidities. However, the 
indications are that chlorine attacks the 5 position and hypochlorous 
acid the 2 position. 
Seven substrates have been oxidized in -this research. Of these seven, 
assumed 
six (all except glucose) are ~not to give exclusively glucono- ~-lactone 
as the main product in the oxidation in the pH range 2.1 to 6.5. This· 
(1) A. Dyfverman, B. Lindberg and D. Wood, Acta Chern. Scand., 2, 253 (1951) 
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assumption is based on products obtained from methyl glucos i d e s. 
XVIII. STOICHIOMETRY VERSUS KINETICS 
During the time the experimental program of this work was being 
performed, the products of oxidation of glucose and its derivatives by 
chlorine water were assumed to be the gluconic acid stage followed by 
conversion to either 2-keto- or 5-keto-D-gluconic acid or both. Accord-
ing to Shilov(l) and Henderson( 2 ) the rate of oxidation of 2-keto-D-
gluconic acid is very slow. Thus on the basis of this information one 
would conclude that if the products are those stipulated above, the 
stoichiometry data should indicate an approach to four equivalents of 
oxidant consumed per mole of redu.ctant (assumming no further oxidation of 
aglycon). An inspection of the stoichiometry data (tables 71 to 83) 
reveals that the only substrate approaching this is D-glucose at pH 2.1 
and possibly at pH 2.8. This could be an indication that the product of 
oxidation of alkyl-~-D-glucosides is not chiefly gluconic acid. On the 
other hand the validity of the stoichiometry data is questionable in 
view of the fact that if such products as methyl-2-D-oxoglucoside are 
present and give a color reaction with anthrone reagent the stoichiometry 
values are too high. 
Although the stoichiometry data on the glucosides may not be valid, 
the effect of aglycon on the stoichiometry should be apparent. If the 
carbohydrate product of oxidation of all glucosides is the same, as it 
(1) E. A. Shilov and A. A. Yasnikov, Ukrain. Khim. Zhur., 18, 595 (1952) 
(2) J. T. Henderson, J. Am. Chern. Soc., 79, 5304 (1957) 
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would be if gluconic acid is formed, a plot of equivalents of oxidant 
consumed per mole of reductant versus ~ reductant reacted for all 
glucosides at constant pH should show that there is no distinguishable 
difference between the stoichiometry values (provided the aglycon is not 
further oxidized). Figure 23 reveals that this is approximately the case. 
Thus, it can be concluded that complete oxidation of the aglycon to 
carbon dioxide does not occur in this system. Also, the products of 
oxidation are apparently the same with the possible exception of methyl-
o< -D-glucoside and D-glucose at pH 2.1. An analysis of the stoichiometry 
data at pH 4.6 and 6.3 reveals that the data are sufficiently scattered 
and similar that it is not possible to reach the same conclusion as at 
pH 2.1. 
The stoichiometry and kinetic data are in approximate agreement 
for the oxidation of glucose at all hydrogen ion concentration's. The 
rate of increase in stoichiometry with ~ glucose reacted is nearly 
proportional to the rate of oxidation of "glucono- d~lactone". 
The significance of the kinetic data in light of the high stoichiometry 
values is apparent if the following points are considered. The stoich-
iometry values were obtained from solutions having a 20 molar ratio of 
oxidant to reductant. The kinetic data on the other hand were obtained 
from solutions where the molar ratio of oxidant to reductant was 0.05. 
Also, the kinetic data were gathered using orily the initial reaction 
points. 
~~£~~~:£~:£:~ 0~~ s:~:~.IJ~t-~ -~·. 
~o-= ..... o:? ~: .. \;. .s.:.c·~~ ..... ·~ ! "'0~1~·- ·-· ) \ '- ;. ,-.. :w. ~;.:... · .. 
pH 2.1 
10 
8 
con.'ntQK~d 
.. -· 1-,. ................ . ,.,.....,..,.... 
mole of 1\..~c·\;an:t 
0 
I"J) \.!,..· 
--;,~----------:----
20 
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0 
IT \.D 
0 
· --~--
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XIX. ORDER IN SUBSTRATES 
Table 60 contains a listing of the experimentally 
obtained order in substrate.s at three hydrogen ion concentra-
tions. With the exclusion of methyl-~-D-glucoside, the only 
significant departures from unity are "glucono- [-lactone" at 
pH 2.1 and methyl-;8-D-glucoside at pH 6. The reason for the 
low· result for "glucono- J' -lactone" may be the same as for 
methyl- o(. -D-glucoside. This explanation is also possible for 
methyl-~ -D-glucoside. The author is unable to devise an 
explanation for this. 
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Table 60 
Order in Various Substrates 
pH 2.1 pH 4.6 E1l..& 
D-glucose 1.05 1.06 0.83 
Glucono- [-lactone 0.55 0.87 0.81 
1.20 
Methyl-~ -D-glucoside 1.10 0.84 0.56 
Isobutyl-~ -D-glucoside 1.13 0.91 0.73 
Isopropyl-~ -D-glucoside 1.20 1.12 1.14 
Tertiary butyl-/l -D-glucoside 0.98 
Methyl- q -D-glucoside 0.50 0.69 1.30 
0.31 1.0 0.97 
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XII. DISCUSSION OF RATE AND CATALYTIC CONSTANTS FOR ALL SUBSTRATES 
The reliability of any piece of data is a function of the method 
by which it was obtained. The rate constants obtained from some function 
of oxidant concentration versus time plots are probably known to ±10%. 
Although the concentration of oxidant is easily known to ±1~, the errors 
inherent in drawing straight lines through three or four points as well 
as the major problem of determining rate constants from initial rates -(• 34 
("\·.-1D•2EI%:>f reaction) increases the deviation to ±lr:Jlf;. The rate constants 
obtained by this method contain both chlorine and hypochlorous acid rates. 
In other "ivords : 
kgx = ( 1-o( )1~12 + ( cf\ ) ktJOCl 
The separation of kgx in most instances depends on the data collected at 
pH 2.1 and the equilibrium constant for chlorine water hydrolysis. At 
pH 2.1 and with chloride ion concentrations of approximately 0.3 molar, 
the fraction of oxidant present as chlorine is 0.50. Thus, the determ-
ination of the rate constant for molecular chlorine obtained from chlorine 
hydrolysis data is more valid at pH 2.1 than it would be at pH 4.6 where 
the percentage of oxidant present as chlorine is approximately 2-3~ . It 
seems reasonable on this basis that the rate constants for hypochlorous 
acid at pH 4.6 should be fairly accurate in view of the fact that most 
of the oxidant is present as hypochlorous acid. 
It is evident that the accuracy of a catalytic constant is amongst 
other things a function of the accuracy with which the relevant acid 
dissociation constants are known. It is assumed that in most cases 
the dissociation constants are accurately known. However, this is 
not the case with the dissociation constant for hypochlorous acid where 
the literature values are known to vary from l0-6 to 10-s (l). 
The catalytic constant for hydroxide ion depends both on the 
dissociation constant for hypochlorous acid and the concentration of 
hydroxide ion (the dissociation constant for water is not included 
in this discussion because of its reliability). It has already been 
shown that the dissociation constant for hypochlorous acid is not known 
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accurately. Couple this with the fact that the concentration of hydroxide 
ion is small even at pH 6 and it can be concluded that the catalytic 
constant for hydroxide ion is not known very accurately. 
The work of Theander( 2 ) and Henderson(?) show that the products 
of oxidation of the alkyl~-D-glucosides are numerous with the pos-
sible exceptions of oxidations at high acidities. The fact that there are 
numerous products, which are not solely the result of consecutive reactions 
but also parallel reactions, makes any attempt to explain the kinetics 
without considering these parallel reactions fallacious. 
An analysis of the data in table• 88 shows two values for ~12 using 
glucose as substrate. The value obtained from pH 4.6 solutions is ten 
times larger than that from pH 2.1. Because chlorine water solutions at 
pH 4.6 contain a small percentage of oxidant as chlorine (0-4~), rate or 
catalytic constants for molecular chlorine derived from pH 4.6 solutions 
(1) G. Holst, Svenk. Kem. Tid., ~' 258 (1940) 
(2) 0. Theander, Svensk. Papperstidn, 61, 581 (1958) 
(3) J. T. Henderson, J. Am. Chern. Soc.~]2, 5304 (1957) 
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would be considered less reliable than those obtained from pH 2.1 solutions. 
The kg12 values for glucose, isobutyl-;8 -D-glucoside, isopropyl~ -D­
glucoside are all comparable. The value for methyl-;6 -D-glucoside is 
approximately one-fifth that of glucose and the other;6-glucosides. 
On the other hand the value for methyl- o(-D-glucoside is two powers of 
ten smaller than glucose or the ;6 -glucosides. This substantiates 
data indicating the o( anomer to be oxidized more slowly than the ;6 form. 
The similarities in values for glucose, isobutyl-~ -D-glucoside, and 
isopropyl-~ -D-glucoside suggest that attack of chlorine is not at carbon 
atom number one of the pyranose ring (~ form) inasmuch as structural 
changes near this site produces no change in rate constant.(l) 
The data for k§OCl (table 89) reveals that the values for all 
substrates are comparable with the possible exception of glucose at pH 
2.1 and 6, methyl-0( -D-glucoside at pH 2.1, and isopropyl-;6-D-glucoside 
at pH 6. However, the deviations are relatively small when considering 
the method by which they were obtained. These data also suggest that 
attack is not at carbon atom one of the pyranose ring. 
The acetate catalyzed constants for chlorine and hypochlorous acid 
are recorded in table 90. These results indicate that the chlorine 
reaction for all substrates except methyl- c(-D-glucoside is catalyzed 
to a larger extent by acetate ion than the hypochlorous acid reaction. 
Also, the kCl2 values for methyl-A -D-glucoside, isobutyl- A -n-OAc- ;~ .IV 
glucoside, and isopropyl~ -D-glucoside are approximately e~uivalent 
as are the kHOCl for the same substrates. Again this suggests no effect QAc- -
(1) Products from methylrs-D-glucoside support this conclusion 
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of the aglycon on rate. The two outstanding values in this table are the 
Cl . Cl2 ~ kOA~- value for glucose and the negat~ve kQAc- value for methyl- V\ -D-
glucoside. The significance of the negative value is not understood by 
the author. ~ 1\ · U 1 -i,j,.* . ..._ ._. -@l§•i -llilleE s 111••••iiD ••sw-• -•••· • ._ 
'iilj¢--II!!S-.l.:::ti!lb-1111!8 .. ._ ____ 1'1 ... _. ~ 
The chloride ion catalyzed constants are recorded in table 91. The 
results show that chloride ion inhib.its the hypochlorous acid oxidation 
of ~ -glucosides whereas 
to the same extent. The 
the ~ anomer is catalyzed. All are inhibited 
negative kC12 value for methyl-o<-D-glucoside 
c1-
is not considered valid because it' was obtained from chlorine solutions 
at pH 4.6. Interestingly the k~~: values for the ~ -glucosides are 
similar with kgi~ for methyl-~-D-glucoside being smaller. 
Tables 84-91 and the previous data point to the following qualitative 
conclusions: (1) k~~~l is negative for the p series, (2) Cl- catalysis 
does not exist for glucose, (3) k~~- is negative for methyl- c(-D-
glucoside, (4) OCl- catalysis is very large, (5) the differences in 
rate and catalytic constants for the various ~ -glucosides are 
negligible which suggests that oxidative attack is not at the carbon 
atom to which the aglycon is attacked through oxygen, (6) analysis 
of stoichiometry and kinetic data indicate that determination of rate 
constants by initial rate studies are valid, (7) only data collected 
at an ionic strength of 1.82 moles/liter was used in discussion unless 
otherwise indicated. 
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XX. CATALYTIC EFFECTS AND THE BRONSTED RELATIONSHIP 
An inspection of table 61 indicates that for the molecular chlorine 
oxidation of glucose there is catalysis by dihydrogen phosphate ion; there 
is catalysis by acetate ion of both the chlorine and hypochlorous acid 
reaction; there is catalysis by monohydrogen phospl~te ion and hypochlorite 
ion of the hypochlorous acid reaction. These data can be utilized to 
calculate the constants in the Bronsted catalysis law. The following · 
values for the ionization constant at 35°C of various acids were used in 
the application of the Bronsted catalysis law. 
(1) 
Acetic acid(la) 1.728 x l0-5 
Phosphoric acid(lb) 6 .53 x lo-s at 37.5°C 
Dihydrogen phosphate ion(lc) 6.43 x 10-s 
Honohydroge·n phosphate ion(ld) 5 x 10-~3 at 25°C 
Hypochlorous acid(le) 6.5 x 10-s 
a. L. F. Nims , J. Am. Chern. Soc., 2£, 1042 (1934) 
b. L. F. Nims, ibid., 2£, 1110, (1934) 
c. L. F. Ni ms , ibid., 22, 1946 (1933) 
d. I. M. Kolthoff and H. A. Laitenen, pH and Electrotitrations, 
pg. 10, 2nd edition, John Wiley and Sons, Inc., New York, 1944 
e. G. Holst, Svenk. Kern. Tid., ~' 258 (1940) 
The Bronsted catalysis law may be applied as shown in figure 24 
where the logarithm of the catalytic constant is plotted versus the 
logarithm of the equilibrium constant. This plot is derived from the 
Bronsted catalysis law 
kB = GB~ 
Thus, the slope of the plot equals } and the intercept is equal to 
logarithm ~. The plot in figure 24 is only for the hypochlorous acid 
oxidation of D-glucose. In the other cases where three values are 
not available through which to draw a line, two simultaneous equations 
20j 
were solved. The values for ;6 and ~ for the various substrates are recorded 
below. 
Table 61 
Evaluation of Constants in the Bronsted Catalysis Equation 
D-Glucose HOCl Cl2 
Methyl-.} -D-glucoside (HOCl) 
Isobutyl-~ -D-glucoside (HOCl) 
Isopropyl-;6 -D-glucoside (HOCl) 
Cl . . 
The A g12 has been determined /"' ucose 
,6 
0.48 
0.58 
0.18 
0.08 
0.15 
from the kCl2 
H2P04-
GB 
28 
5760 
0.023 
0.0017 
0.045 
and kCl2 OAc-
values. This was done by solving two simultaneous equations of the 
following form 
log k = log GB + catalytic 
Thus, o.845 = log ~ • 
2.380 = log GB + 
( -11.876} 
( -9.244) 
.(', 
leg (!r. x 10 ) 
~T 0 
Q 
0 
-2 ~---------;~-·---------~~----------~ 
-4 -8 -12 
211 
Cl2 = 0.583 
; glucose 
It was impossible to find the jJ values for the chlorine oxidation of' the 
glucosides because k~!~o4 - values were all negligible. 
The above results indicate that the extent of' catalysis does not 
increase significantly on going from a primary glucoside to a secondary 
glucoside. As a matter of' fact the extent of' catalysis for the glucose 
reaction is much larger than that for the glucosides. These results all 
pertain to the use of' hypochlorous acid as oxidant. 
It is noted (from figure 24) that the catalytic constant for hypo-
chlorite ion is too large for the dissociation constant reported. The 
dissociation constant for dihydrogen phosphate ion and hypochlorous acid 
are comparable but yet the catalytic constants differ by three powers of' 
ten. This result is not uncommon in the Bronsted relationship. For example, 
it has been noted that in the dehydration of' acetaldehyde hydrate, the 
carboXYlic acids and phenols with acid strengths ranging over ten powers 
of' 10 obey the log-log plot with a mean deviation of' 0.15 logarithmic 
units, however, other catalysts of' a different type show a considerable 
deviation in both a positive and negative direction. As a matter of' fact 
the deviation is as large as +2.1 logarithmic units for diethyl ketoxime(l). 
XXI. MECHANISM 
Before a mechanism can be postulated, it is necessary to know the 
products of' oxidation. It is obvious from what has already been revealed 
that the reaction has both parallel and consecutive steps. Thus, it is not 
: ~:;,:'''~-~;. 
possible to' ,pbstulate a mechanism for the oxidation of' glucosides or 
"glucono-g -lact_one". 
'\ 
(1) A. A. Frost and R. G. Pearson, Kinetics and Mechanism, John Wiley 
and Sons, Inc., N. Y., 1953, p. 213 
2J2 
APPENDIX 
GUIDE TO TABLES OF DATA FOR INDIVIDUAL RUNS 
A B These letters have been placed approximately in 
c 
the same positions as the quantities listed in 
D; E the following pages. 
F; G 
Oxidant Time 
A the run number. 
B the volume (ml.) of designated buffer solution (see Page 11, 
Table 2) taken for the run. 
213 
C the volume (ml.) of designated special solution (see Page 12, 
Table 3) taken for the run. 
(a) Total weight of buffer and chlorine water solutions. 
D the weight in grams of the buffer solution plus special solution 
if it was used. 
E for series I, C, D the weight in grams of the chlorine water 
taken; in the I series runs 110-120 the value in parentheses refers 
to an approximation of the weight of chlorine water; the same is 
true for C series runs 35-37. 
In series A, E, G, F, and H, it represents the weight in grams of reaction 
solution which occupies a volume of 1.276 cc. In these series the weight 
of chlorine water was assumed to be 9.946 grams. On the basis of six 
weighings of six samples of 10 ml. of chlorine water, this figure had 
an average deviation of +0.006 grams. 
214 
F the weight in grams of' reductant taken. 
G the weight in grams of' any of' the substances designated below: 
(a) potassium perchlorate 
(b) sodium perchlorate 
(c) sodium chloride 
(d) mercuric acetate 
In some of' the f'ollowing tables the weight of' chlorine water is placed 
in parentheses. This indicates that the chlorine water was not weighed but 
is rather an average weight of' 10 ml. of' chlorine water as delivered f'rom 
a pipette. 
Oxidant 
Time 
the concentration of' oxidant in milliequivalen~s/gram. 
in units of' minutes. 
15g 100 ml. STD 
107.978; 99.921 
17.071 
Oxidant 
0.03205 
0.03110 
OQ02933 
0.0285.3 
0.027.37 
0.02625 
0.02441 
0.02260 
Time 
5 
8 
12 
14 
17 
20 
25 
.30 
18g 50 ml. AD 
50 ml. AC 
106. 209; 99.981 
17.108 
Oxidant 
0. 03010 
0.02981 
0.02862 
0. 02816 
0.02761 
0.02658 
0.02547 
0.024.39 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
21g 100 ml. STD 
108.130; 99.419 
17.105 
Oxidant 
0.03435 
0.0.3295 
0.03142 
0.0.3022 
Oo02905 
0.02743 
Oo02554 
0.02352 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
I Series: Table 62 
16g 100 ml. STD 
108.024; 99.744 
17.094 
Oxidant 
0.02585 
0.0247.3 
0.02410 
0.02341 
0.02219 
0.02160 
0.020.37 
0.01904 
Time 
5 
8 
11 
14 
18 
21 
25 
.30 
198 100 ml. STll 
1<17.968; 99.539 
17.168 
Oxidant 
0.01071 
0.01036 
0.01002 
0.01010 
0.00970 
0.,00959 
0.00934 
Time 
5 
8 
ll 
14 
17 
20 
25 
228 100 ml. A.E: 
157.180; 49.618 
17.112 
Oxidant 
0.00721 
0.00666 
0.00565 
0.,00510 
0.00466 
0.,00395 
0.00338 
0.,00274 
Time 
6 
8 
ll 
14 
17 
20 
25 
30 
·- -
178 100 ml. STD 
108.059; 99.616 
17.112 
Oxidant 
0.0192.3 
0.01865 
0.01826 
0.01781 
0 .. 01721 
0.01668 
0.01586 
0.01519 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
20g 50 ml. AA 
50 ml. AF 
112oJ64; 99o95J 
17.115 
Oxi dant 
0.02839 
0.02717 
0.02594 
0.0248.3 
0.02369 
0.02251 
0 .. 02<177 
0.01896 
Time 
5 
8 
ll 
14 
17 
20 
25 
30 
238 100 ml. STD 
107 .915; 100.026 
17.180; 8.608( a) 
Oxidant 
0.03057 
0.02950 
0.02814 
0.02725 
0.02630 
0,.02476 
0.02314 
0.02162 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
215 
I Series: Table 62 
24: 100 ml. STD 25: 100 ml. STD 26: 50 ml. AA 
50 ml. AG · 
108.108; 99.271 107.964; 99.961 103.080; 99.544 
9.815 17.080; 73.748(b) 17 .105; 77.173 (b) 
Oxidant Time Oxidant Time Oxidant Time 
0.03192 5 0.03177 5 0.01183 5 
0.0.3124 8 0.03019 8 0.01111 8 
0.0.3065 11 0.02721 11 0.01043 11 
0.02993 14 0.02494 14 0.00964 14 
0.02933 17 0.02269 17 0.00904 17 
0.02859 20 0.02025 20 0.00822 20 
0.02737 25 0.01559 25 0.00729 25 
0.02657 .30 0.01086 30 0.00635 30 
27: 50 ml. AB 28: 50 m1. AA 29~ 50 ml. AB 
50 ml. AD 50 ml. AG · 50 ml. AD 
1.32.862; 99.920 103.089; 100.9.30 13.3.074; 100.050 
17.298 17.1.39; 7.286(b) 17.123 
Oxidant Time Oxidant Time Oxidant Time 
0.01.381 5 0.01825 5 0.02548 5 
0.01249 8 0.01686 8 0.02.3.39 8 
0.01158 11 0.01601 11 0.02(!74 11 
0 .. 00998 14 0.01481 14 0.01876 14 
0.009.3.3 17 0.01402 17 0.01694 17 
0.00837 20 0.01288 20 0.01537 20 
0.00714 25 0.0114.3 25 0.01276 25 
0.00595 .30 0.00997 30 0.01075 30 
.30: 100 m1. AH .31: 50 ml. AC .32 : tinkriown 
50 ml. AD 
127.4.30; 100.060 104.76.3; 100.002 105.040; 100.095 
17.117 18.039 17.127 
Oxidant Time Oxidant Time Oxidant Time 
0.02969 5 0.04556 5 0.04684 5 
0.02676 8 0.04500 8 0.04645 8 
0.02452 ll 0.04459 11 0 .. 04599 11 
0.02159 14 0.04401 14 0.04517 15 
0.01928 17 0.04312 17 . 0.04450 19 
0.01717 20 0.03949 20 0.04388 22 
0.01422 25 0.()4148 25 0.04.359 25 
0.01172 .30 0.04021 30 0.04239 30 
I Series: .Table 92 
34: 100 ml. AI 35: 100 ml. AI 36: 100 ml. AI 
112.313; 100.002 111.276; 99.962 111.200; 99.063 
17.094 17.124 17.183 
Oxidant Time Oxidant Time Oxidant Time 
0.02441 5 0.01548 5 0.00657 5 
0.01886 8 0.01222 8 0.00552 8 
0.01445 11 0.00957 11 0.00436 11 
0.01108 14 0.00721 14 0.00311 14 
0.00844 17 0.00559 17 0.00171 17 
0.00628 20 0.00426 20 0.00252 20 
0.00388 25 0.00258 25 0.00075 25 
0.00240 30 0.00153 30 0.00033 30 
37: 100 ml. AI 38: 100 ml. AI 39: 100 ml. AI 
111.180; 100.03? 111.295; 100.144 111.254; 99.604 
17.098 17.116; 1.330 (c) 17.110; 2.530 ( c) 
Oxidant Time Oxidant Time Oxidant Time 
0.03133 5 0.03634 4 0.01855 4 
0.02348 8 0.03034 6 0.01557 6 
0.01709 11 0.02468 8 0.01317 8 
0.01219 14 0.02016 10 0.01098 10 
0.00955 17 0.01657 12 0.00914 12 
0.00770 20 0.01348 14 0.00773 14 
0.00466 25 0.00988 17 0.00566 17 
0.00280 30 0.00739 20 0.00440 20 
40: 100 ml. K 41: 100 mlo D 42: 100 ml. D 
123.230; 99.557 124.948; 100.001 125.122; 99.686 
17.121 17.281 17.293 
Oxidant Time Oxidant Time Oxidant Time 
0.01645 4 0.02903 5 0.02104 5 
0.01348 6 0.02831 8 0.02064 8 
0.01067 8 0.02740 11 0.01997 11 
0.00877 10 0.02668 14 0.01940 14 
0.00703 12 0.02557 17 0.01882 17 
0.00578 14 0.02490 20 o.o186o 20 
0.00376 17 0.02338 26 0.01789 25 
0.00281 20 0.02214 30 0.01700 30 
43: 100 ml. D 
125.195; 99.745 
17.329 
Oxidant 
0.01542 
0.01494 
0.01470 
0.01446 
0.01418 
0.01376 
0.01325 
0.01283 
Time 
5 
8 
11 
14 
17 
20 
26 
30 
46: 100 ml. D 
125.139; 99.692 
17.JZ7 
Oxidant 
0.02273 
0.02206 
0.02154 
0.02103 
0.02040 
0.01989 
0.01909 
0.01827 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
49: 50 ml. D 
50 ml. ISA 
117.486; 100.040 
17.253 
Oxidant 
0.02596 
0.02551 
0.02489 
0.02435 
0.02386 
0.02315 
0.02251 
0.02164 
Time 
5 
8 
11 
- 14 
17 
20 
25 
30 
I Series: Tabl.e 6~ 
44: 100 ml. D 
1~5.213; 100.051 
17.324 
Oxidant 
0.03710 
0.03607 
0.03486 
0.03361 
0.'03269 
0.03136 
0.02974 
0.02784 
Time 
5 
8 
11 
14 
17 
20 
25 
JO 
47: · 50 ml. D 
50 ml. ISA 
117.510; 100.029 
17.262 
Oxidant 
0.03864 
0.03761 
0.03646 
0.03572 
0.03486 
o.03J6J 
0.03220 
0.03074 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
50: 50 ml. D 
50 ml. ISA 
117.400; 99.619 
17.284 
Oxidant 
0.01268 
0.01247 
0.01240 
0.01225 
0.01200 
0.01209 
0.01171 
0.01134 
Time 
' 5 
8 
11 
14 
17 
20 
25 
30 
45: 100 ml. D 
125.172; 99.799 
17.3.34 
Oxidant 
0.03275 
0.03186 
0.03.099 
0.02989 
0.02910 
0.02808 
0.02662 
0.02509 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
48: 50 ml. D 
50 ml. ISA 
117.623; 99.485 
17.216 
Oxidant 
0.02989 
0.02958 
0.02900 
0.02848 
0.02680 
0.02700 
0.02584 
0.02482 
Time 
5 
8 
11 
u 
17 
20 
25 
30 
51: 50 ml. D 
50 ml. ISA 
117.435; 99•757 
17.227 
Oxidant 
0.01755 
0.01734 
0.01681 
0.01656 
0.01630 
0.01600 
0 .. 01553 
0.01513 
Time 
5 
8 
ll 
14 
17 
20 
25 
30 
218 
52: 50 ml. D 
50 ml. ISA 
117.281; 99.570 
17.252 
Oxidant 
0.02598 
0.02508 
0.02439 
0.02347 
0.02266 
0.02194 
0.0211.3 
0.02035 
Time 
5 
10 
15 
20 
25 
30 
35 
40 
55: 50 ml. D 
50 ml. ISB 
122.360; 99.507 
17.377 
Oxidant 
0.02100 
0.02038 
0.02009 
0.01945 
0.01936 
0.01886 
0.01830 
0.01760 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
58 : 50 ml. A 
5Q ml. ISC 
127.359; 99'.925 
18.192 
Oxidant 
0.01433 
0.0123.3 
0.01035 
0.00868 
0.00729 
0.00607 
0.0047.3 
0.0035.3 
Time 
7 
10 
13 
16 
19 
22 
26 
30 
I Series: Table 62 . 
5.3: 100 ml. STD 
107 .974; 100.00.3 
35.005 
Oxidant 
0.029.30 
0.0268.3 
0.02407 
0.0217.3 
0.01949 
0.01724 
0.01397 
0.0113.3 
Time 
5 
8 
11 
14 
17 
2p 
25 
30 
56: 100 ml. A 
129.643; 99.999 
18.127 
Oxidant 
0.02427 
0.02013 
0.01669 
0.01376 
0.01130 
0.00924 
0.00648 
0.00435 
Time 
5 
8 
11 
14 
17 
20 
25 
31 
59: 25 m1. A 
75 ml. ISC 
126.208; 99.880 
18.121 
Oxidant 
0.03248 
0.02850 
0.02340 
0.02050 
0.01803 
0.01548 
0.01267 
0.01015 
Time 
5 
8 
12 
15 
18 
21 
25 
30 
54: 50 ml. D 
50 ml. ISB 
122.522; 100.151 
Oxidant 
0.04010 
0.03890 
0.03750 
0.03691 
0.03546 
0.03438 
0.03198 
0.03060 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
57: 75 ml. A 
25 ml. ISC 
128.350; 99.9.36 
18.210 
Oxidant 
0.02135 
0.01785 
0.01494 
0.01244 
0.01030 
0.00~81 
0.00618 
0.00423 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
60~ 100 ml. c 
'· 
126. 504; 99 . 990 
18.175 
Oxidant 
0.03250 
0.02887 
0.02539 
0.02263 
0.02002 
0.0~751 
0.01387 
. O.Q:I,125 
Ti me 
5 
8 
11 
14 
17 
20 
25 
30 
219 
61g 75 ml .. c 
25 mlo ISC 
126.025; 100 .. 010 
18.126" 
Oxidant 
0 . 0.3792 
0 . 0.3.359 
0.02980 
0.02672 
0.02.347 
0.02062 
0 .01652 
0 .013.39 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
64: 100. ml . B 
129.960; 99.944 
18.1.38 
Oxidant 
0.02365 
0.02126 
0.01871 
0.01669 
0.01481 
0 . 01.301 
0 . 010.33 
0 . 00845 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
67g 25 ml .. B 
75 ml . ISD 
128. 410; 99 . 900 
18. 150 
Oxidant 
0 .02087 
0.01922 
0.01669 
0 .. 01507 
0.01.328 
0 .01197 
0.00992 
0.00847 
Time 
5 
8 
12 
15 
18 
21 
26 
30 
I Series: .. ~l~ 6iPi · 
62 g 50 ml 'o C 
50 ml o ISC 
125. 888; 99 .988 
18.107 
Oxidant 
0.03295 
0.02953 
0.02629 
0.02.352 
0 .02090 
0.01844 
0. 01497 
0.01210 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
65: 75 ml . B 
25 ml. ISD 
129.425; 99.850 
18.117 
Oxidant 
0.02540 
0.02051 
0.018.37 
0.0163.3 
0.01456 
0.01165 
0.00956 
Time 
5 
11 
14 
17 
20 
25 
.30 
68~ ;o m1 . A 
50 ml. ISc 
127.444; 99.9ao 
18.127 
Oxidant 
0 . 02524 
0. 0217.3 
0.01871 
0 .. 0161.3 
0.01304 
0.01146 
0.00895 
0.00719 
Time 
5 
8 
11 
14 
18 
21 
25 
.30 
63g 25 m.l c. c 
75 ml. ISC 
125., 642; 99.979 
18.154 
Oxidant 
0.0.3745 
0.03356 
0.0.3005 
o.o266o 
.0.02362 
0.02106 
0 . 01838 
0.01700 
Time 
5 
8 
11 
14 
17 
20 
2.3 
25 
66: 50 ml. B 
. 50 ml . ISD 
12~.951 ; 99 . 895 
18.159 
Oxidant 
0 . 02164 
0 . 01917 
0.01740 
0 . 01553 
0. 01.351 
0.01201 
0 .01029 
0 .. 008.3.3 
Time 
5 
8 
ll 
14 
18 . 
21 
25 
.30 
69~ 100 ml . L 
117. 070; 99.925 
18 . 149 
Oxidant 
0.0.3277 
0 . 021.37 
0 . 01.390 
0. 00949 
0.00647 
0.00448 
0.00257 
().00186 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
220 
70: 75 ml. L 
25 ml. ISD 
119.660; 99.875 
18.14.3 
Oxidant 
0.02885 
0.02016 
0.01396 
0.00987 
0.00695 
0.00497 
0.00318 
0.00202 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
73: 75 ml. M 
25 ml. ISD 
120.450; 99.970 
18.114 
Oxidant 
0.03542 
0.0269.3 
0.02018 
0.01472 
0.01068 
0.00799 
0.00517 
0.00.342 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
76: 75 ml. N 
25 ml. ISD 
121.765; 99.930 
18.164 
Oxidant 
0.0.3677 
0.0.3047 
0.02484 
0.0202.3 
0.01595 
0.01280 
0.00872 
0.00678 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
I series ~ Table 62 
71 ~ 50 m1. L 
50 ml. ISD 
122 • .320; 99.930 
18.106 
Oxidant 
0.0.3.350 
0.02521 
0.01847 
0.01.355 
0.01000 
0.0074.3 
0.00495 
0.00314 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
74: 50 m1. M 
50 ml. ISD 
122.870; 99.970 
18.114 
Oxidant 
0.0.3654 
0.02942 
0.0236.3 
0.01708 
0.01363 
0.01077 
0.00784 
0.00551 
Time 
5 
8 
11 
15 
18 
21 
25 
.30 
77: 50 ml. N 
50 ml. ISD 
12.3.750; 99.900 
18.160 
Oxidant 
0.0.3424 
0.02986 
0.02560 
0.02169 
0.01810 
0.01496 
0.0111.3 
0.00816 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
72: 100 ml. M 
118 • .350; 99.965 
18.121 
Oxidant 
0.03.368 
0.02429 
0.01720 
0.0106.3 
0.00775 
0.00555 
0.00.367 
0.00226 
Time 
5 
8 
11 
15 
18 
21 
25 
30 
75~ 100 ml. N 
120.135; 99.8.30 
18.147 
Oxidant 
0.03882 
0.0.3100 
0.02455 
0.01757 
0.01.379 
0.01064 
0.00772 
0.00512 
Time 
5 
8 
11 
15 
18 
21 
25 
30 
93> 100 ml. STD 
107. 810; 100.085 
18.154 
Oxidant 
0.03744 
0.0.3556 
0.03330 
0.03162 
0.02968 
0.02780 
0.02464 
0.02206 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
:,; l: ; 100 rnl •. STD 
107 . 765; 1. 00 .035 
.L8 . 139 
Oxidant 
0.03673 
0.03470 
0.03279 
0.03099 
0.02901 
0.0..!723 
0.02393 
0.02201 
Time 
5 
8 
11 
14 
17 
20 
26 
3U 
97: 100 ml. STD 
107.745; 99.855 
18.112 
Oxidant 
0.03569 
0.03409 
0.03237 
0.03094 
0.02929 
0.02764 
0.02624 
0 .02487 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
100& 100 m1. STD 
107. 725; 99.440 
18 .117 
Oxidant 
0.01055 
0.01002 
0.00984 
0.00959 
0.00923 
0.00901 
0.00877 
0.00842 
Time 
5 
10 
14 
18 
22 
26 
30 
34 
95: 100 m1. S'I'D 
107 . S8;); 99 .725 
1o. 175 
Oxidant 
0.028:38 
0.02726 
0.02575 
0.02460 
0.02328 
0.02225 
0.02090 
O.Dl972 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
98; 100 ml. STD 
107.630; 99.390 
18.191 
Oxidant 
0.01987 
0.01895 
0.01842 
0.01775 
0.01720 
0.01659 
0.01613 
0.01550 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
101g 25 ml . A 
75 ml . ISC 
126.520; 99.930 
18.140 
Oxidant 
0.02355 
0.01962 
0.01627 
.0.01338 
0.01098 
0.008~6 
0.00704 
Time 
5 
9 
13 
17 
21 
26 
30 
85 g 100 ml. STD 
108. 045; 99 .765 
18.183 
Oxidant 
0.01949 
0.01856 
0.01808 
0.01695 
0.01647 
0.01576 
0.01499 
Time 
5 
8 
11 
15 
18 
21 
25 
99g 100 ml. STD 
107.765; 99.690 
18.124 
Oxidant 
0.02847 
0.02733 
0.02597 
0.02461 
0.023'73 
0.02274 
0.02157 
0. 02075 
Time 
5 
8 
11 
15 
18 
21 
24 
27 
102g 5. 0 m1. A 
5. 0 ml. ISC 
12. 7098; 9. 957 
1.9386 
Oxidant 
0.0122 
0.0101 
0.00868 
0.00735 
0.00584 
0.00463 
0.00371 
0.00295 
Time 
5 
8 
11 
14 
18 
22 
26 
30 
105: 10 ml. STD 
10.770; 9.952 
1.8669 
Oxidant 
0.0358 
0.0347 
0.0325 
0.0.306 
0.0287 
0.0273 
0.0259 
0.0244 
Time 
5 
8 
ll 
14 
17 
20 
2.3 
26 
108: 10 ml. STD 
10.796; 9.943 
1.8122 
Oxidant 
0.0332 
0.0.312 
0.0.305 
0.0299 
0.0271 
0.0254 
0.0245 
0.0226 
Time 
5 
8 
11 
14 
18 
21 
24 
28 
111: 2.5 ml. A 
7.5 ml. ISC 
12.68.3; (9.946) 
1.891.3 
Oxidant 
0.0280 
0.0242 
0.0207 
0.0176 
0.0154 
0.0127 
0.00998 
0.00775 
Time 
5 
8 
ll 
14 
17 
20 
25 
30 
106: 10 ml. STD 
10.778; 9.952 
1.814 
Oxidant 
0.0261 
0.0250 
0.0236 
0.0225 
0 •. 0211 
0.0205 
0.0192 
0.0178 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
109: 10 ml. STD 
10.798; 9.949 
1.8522 
Oxidant 
0.0.347 
0.-0.341 
0.0.310 
o •. o.3n 
0 •. 0.302 
o •. o289 
0 •. 0270 
0.0255 
Time 
5 
8 
11 
14 ' 
17 
20 
2.3 
26 
ll2: 5 ml. M 
5 ml. ISD 
12.2.34; (9.946) 
1.9087 
Oxidant 
0.0252 
0.0206 
0.0157 
0.0121 
0.00907 
0.006.36 
0.00477 
0~00132 
Time 
5 
8 
11 
14 
17 
21 
25 
.31 
107: 10 ml. STD 
10.788; 9.952 
1.7861 
Oxidant 
0.0218 
0.0209 
0.0203 
0 .. 0199 
0.0186 
0.0182 
0.0170 
0.0166 
Time 
5 
8 
11 
14 
17 
20 
2.3 
26 
110: 10 ml. M 
11.814; (9. 946) 
1.8861 
Oxidant 
0.0246 
0.0176, 
0.0120 
0 •. 008.36 
0.00558 
0.00.312 
0.00146 
Time 
5 
8 
ll 
14 
17 
21 
25 
115g 10 ml. M 
11.814; (9.946) 
0.9519 
Oxidant 
0.0349 
0.0295 
0.0244 
0 •. 0202 
0.0168 
0.01.34 
0.0115 
0.00924 
Time 
5 
8 
ll 
14 
17 
20 
. 2.3 
26 
1178 10 ml. X 
1.3.287; (9.946) 
1.8848 
Oxidant 
0.0269 
0.0224 
0 • .0189 
0.0161 
0.0129 
0.0112 
0.009.31 
0.00804 
Time 
5 
8 
11 
14 
17 
20 
2.3 
26 
120g 10 mlo B 
1.3.216, (9.946) 
1.8.326; o.0470(d) 
Oxidant 
0.021.3 
0.0192 
0.0174 
0.0157 
0.0126 
0.0122 
0.0096.3 
0.00808 
Time 
5 
8 
11 
14 
17 
20 
26 
.30 
I Seriesg Table 62 
118g ·5 ml. X 
12.758; (9.946) 
1.9525 
Oxidant 
0.0202 
0.0173 
0.0146 
0.0111 
0.0103 
0.00816 
0.00691 
0.00607 
Time 
5 
8 
11 
15 
17 
20 
2.3 
26 
103: 10 ml. STD 
10.834J 9.952 
1.9753 
0 .03:3'( 
0.0314 
0.0294 
0.0279 
o. 245 
0.0227 
0.0208 
5 
8 
11 
14 
20 
23 
~ 
1198 10 m1. A 
1.3.116; (9.946) 
1.9245 
Oxidant 
0.0226 
0.0185 
0.0150 
0.012.3 
0.0104 
0.00840 
0.00678 
0.00564 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
104; 10 ml. STD 
10. 783J 9.952 
1.9759 
Oxidant 
o.o;46 
0.0325 
0.0)01 
0.0282 
0 .02.73 
0.0251 
. 02)2 
0.0220 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
224 
C Series: Table 93 
1: 100' ml. E 2: 50 rnl. E 3: 100 rnl. E 
50 ml. lSI 
104 .300; 99.980 105.532; 99.875 104.335; 100 .064 
18.003 17.967 18.002 
Oxidant Time Oxidant Time Oxidant Time 
0.03677 5 0.03296 5 0.04257 5 
0.03525 10 0.032CY7 10 0.04108 8 
0.03338 15 0.03087 15 0.03980 11 
0.03192 20 0.03026 20 0.03855 14 
0.02994 25 0.02940 25 0.03750 17 
0.02782 30 0.02846 30 0.03614 21 
0.02601 35 0.02765 35 0.03357 25 
0.02400 40 0.02656 40 0.03142 30 
4& 50 ml. E 5g 100 rnl. E 6~ 50 ml. E 
50 mlo lSI 50 ml . lSI 
105 .825; 99.905 104.465; 99.554 105.850; 99.713 
18.004 18.055 18.049 
Oxidant Time Oxidant Time Oxidant Time 
0 .. 03958 5 0.02451 5 0.02250 5 
0 .. 03840 10 0.02410 8 0.02193 10 
0.03724 15 0.02345 11 0.02131 15 
0 .. 03607 20 0.02285 14 0.02081 20 
Oo03495 25 0.02224 17 0.02042 25 
0.03355 30 0.02183 20 d.01967 30 
0.03237 35 0.02075 25 0.01919 35 
0 .. 03084 
' 
41 0.01979 30 0.01856 40 
7& 100 ml. B 8g 50 ml. :m 9& 100 ml . E' 
50 ml. lSI · 
104 . 514; 99.558 105.843; 99.520 104.504; 99 . 621 
18.022 18.017 18. 009 
Oxidant Time Oxidant Time Oxidant Time 
. !' 
0.01251 5 0.01225 5 0.01894 5 
0.01195 10 0.01140 10 0.01798 10 
0. 01143 16 0.01163 15 0.01?30 15 
0 .. 01094 20 o.on24 20 0.016]9 20 
0.00989 30 0.01086 26 0.01556 25 
0.00955 35 0.01069 30 0.01463 30 
0.00888 40 0.01025 35 0.01387 35 
o.oiocn 40 o.Q1298 40 
) 
-· ... , 
226 
C Seriesg :lliJ,bl& --~ . 
10; 50 ml. E 11: 100 mi. E 12: 100 ml. lS 
50 ml. ISI 
105.645; 99.600 104.520; 99.902 104.622; -99.688 
18.018 18.014 18 •. 043 
Oxidant T.ime Oxidant Time Oxidant Time 
0.02096 5 0.03846 5 0.02831 5 
0.02024 10 0.03736 8 O.f12.759 8 
0.01979 15 0.03589 11 0.02684 11 
0.01919 20 0.03506 14 0.02564 15 
0.01882 25 o.034o6 17 0.02495 18 
0.01815 30 0.03251 20 O.Q2385 22 
0.01751 35 0.03052 25 0.02C260 26 
0.01702 40 0.02846 30 0.02099 31 
1)g 100 ml. E 14g 100 ml. l!r 15g 100 ml. E 
104.494; 99.534 104.44.3; 99.793 104.649; 99.8-38 
18.014 17.998 18.008 
Oxidant Time Oxidant Time Oxidant Time 
0.00867 5 0.0250.3 5 0.02092 14 
0.00850 8 0.02421 8 0.01886 23 
0.00815 11 0.02376 11 0.01748 30 
o.008CY7 14 0.02298 . 14 0.01490 40 
0.00'785 17 0.02240 17 0.01295 50 
0.00762 20 0.02136 21 0.01100 60 
0.00753 25 0.02o66 225 0.00803 75 
0.00702 30 0.01925 30 0.00573 90 
16g 100 ml. E 18g 100 rnlo F 19: 75 ml. F 
25 ml• ISG 
104.633; 99.855 115.523; 99.944 117.050; 99.863 
18.013; 1.188 (c) 18.031 18.038 
Oxidant Time Oxidant Time Oxidant Time 
0.04776 5 0.03351 5 0.02596 5 
0.04373 10 0.02877 8 0.02243 . 8 
0.04033 15 0.02402 11 0.01963 11 
0.03611 21 0.01987 14 0.01666 14 
0.03016 30 0.01623 17 0.01411 17 
0.02.391 40 0.01297 20 0.01186 20 
0.01877 50 0.00.870 25 0.00871 25 
0~01455 60 0.00604 30 0.00626 30 
20g 50 ml. F 
50 ml .. ISG 
119.082; 99.867 
18.112 
Oxidant 
0.0251.3 
0 .. 02252 
0. 02003 
OQ0177) 
0.,01580 
0.,01)64 
0.,01084 
0.,00858 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
24& 75 ml o G 
25 ml. ISH 
121 .. 172; 100.0).3 
18 .. 058 
O..ddant 
0. 02916 
0.,02509 
0. 02162 
0., 01871 
0 Q0160.) 
0 .. 01391 
o.OHY75 
0. 00841 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
27 & 100 mlo H 
121. QQ5 ; 99. 940 
18 .. 128 
Oxidant 
0.04083 
o .. o3611 
0. 03221 
0., 02841 
0 .,02309 
0. 01895 
0.01585 
0.01298 
Time 
; 
9 
12 
15 
19 
2.3 
26 
30 
C Series g . Tab.le 63 
21& 25 ml . F 
75 ml .. ISG 
120.714; 99 .. 808 
18.060 
Oxidant 
0.02412 
0.02201 
0.020.30 
0.01848 
0.01698 
0.01544 
0.01.324 
0.01118 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
253. 50 ml.. G 
50 ml .. ISH 
12)..,076~ 99 .. 971 
18 .. 061 
Oxidant 
0 .. 0,3015 
0.02473 
0. 0209J. 
0.01751 
0.,01471 
0.012.36 
0.00984 
0.0081.3 
Time 
5 
10 
15 
20 
25 
30 
.36 
42 
28& 75 ml . H 
25 ml. ISE 
122 .. 547; 99 .. 995 
18 .. 1C!7 
Oxidant 
0. 03842 
0.03557 
o.OJ340 
0. 0,3080 
0.0278.3 
0.02528 
0. 0208.3 
0.01640 
Time 
5 
8 
11 
14 
17 
20 
25 
.31 
23 & 100 rnl .. G 
119 .. 696; 99.995 
18., 029 
OxidEtnt 
0.0258.3 
0.02154 
0 .. 01750 
0 ., 01455 
0 . 01099 
0. 00875 
0 .. 00166 
Time 
5 
8 
11 
14 
18 
21 
30 
227 
26& 25 rnl.. G 
75 ml . ISH 
124 .. 840; 99. 9.36 
18 .. 036 
Ox:i.dant 
0 . 02747 
0 .,02255 
0. 01970 
0.,01725 
0.,01544 
0 .. 01.364 
0. 01220 
0. 01086 
Time 
5 
10 
15 
20 
25 
30 
35 
40 
29~ ;o mlo H 
50 ml .. ISE 
124. 2.35; 99. 9.30 
18 .. 17;4 
Oxidant 
0 .,03872 
0. 0370.3 
0;,03514 
0. 03342 
0 . 0.3152 
0. 02951 
o.oo6o; 
0 .. 0~294 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
JOg 25 ml . H 
75 ml . I SE 
125. 890; 99.910 
18.115 
Oxidant 
0. 0.3685 
0 .. 0.357.3 
0 ., 0.3496 
0.0).387 
0.,0.3251 
0. 0.314.3 
0.,02978 
0.,02795 
Time 
5 
8 
11 
14 
18 
21 
25 
30 
JJ g 50 ml. I 
50 m1 . ISF 
117.115; 99. 860 
18.201 
Oxidant 
0., 02748 
0 .. 02472 
0., 02219 
0. 01991 
0., 01746 
0.01549 
0. 01256 
o.o1003 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
36g 10 ml . G 
11. 949; (9 . 946) 
1. 9.36.3 
Oxidant 
0.028.3 
0.0258 
0 . 0234 
o.o~no 
0.0186 
0.0165 
0. 0147 
0. 01.31 
Time 
4 
6 
8 
10 
12 
14 
16 
18 
_31g 100 ml . I 
ll5 .060; 99. 965 
18.1.33 
Oxidant 
0.02845 
0. 02474 
o. o21CXl 
0.01783 
0.01479 
0.01168 
o.oae?8 
0.00640 
Time 
5 
8 
11 
14 
17 
21 
25 
30 
J4g_ 100 ml. F 
115.696; 99. 8.30 
18.156 
Oxidant 
0.02225 
0.01907 
0.01612 
0.01.340 
0. 01105 
0. 00823 
0., 005.30 
0., 00_376 
Time 
5 
8 
11 
14 
17 
21 
27 
.31 
,37g: 10 m1. H 
12 .102; (9. 946) 
0.9.309 
Oxidant 
0. 0297 
0. 0279 
0.0260 
0.0241 
0.0229 ' 
o. o2ce 
0.0191 
0. 0175 
Time 
5 
8 
11 
14 
17 
20 
2.3 
26 
_32g 75 ml . I 
25 ml . ISF 
116.085; 99.900 
18.150 
Oxidant 
0.,02978 
0.02631 
0.02296 
0.,02019 
0. 01718 
0., 01465 
0 .01~5 
0.00840 
Tiine 
5 
8 
11 
14 
17 
20 
25 
30 
J5 g 10 ml . I 
11 .465; (9 .. 946) 
1.9089 
Oxidant 
0. 0.321 
0. 0287 
0. 026.3 
0. 0231 
0.020.3 
0 .,0177 
o.o156 
0 .. 0135 
Time 
4 
6 
8 
10 
12 
14 
16 
18 
D Se:ries g l'al.Jl.e 64 
l g 5 ml. F; 45 ml. H2 0 2g 10 m1. F 3g 100 ml. F 
5 ml oiSG1 45 ml .. HaO 90 mlo H2 0 
101. 6o5; 99. 515 101.405; 99.470 115. 580; 99. 2.35 
1. 3116 1.4543 1.7609 
Oxidant Time Oxidant Time Oxidant Time 
0.004951 5 0.004330 :5 0. 00327 5 
0.004374 10 0.00.3775 10 0.002.48 8 
0. 003947 15 0.003226 15 0.00199 ]~ 
0.00.3542 20 0.002757 20 o.ocn;2 14 
0.00.32.3.3 25 0.002)70 25 0.00120 17 
0. 002961 .30 0.002129 30 .0009.33 20 
Oo0026J6 35 0.001850 .35 0._000657 25 
0.,001441 40 ' 0 .. 000467 .30 
--~--·---
4g ?5 ml . F 53 50 m1. F 6z 50 rul. F 
25 ml . ISG 50 ml. ISG 50 ml . ISG 
117.080, 99.300 118.845• 99.165 118. 850; 99.490 
lo792.3 1.8275 0.9545 
Oxidant Time Oxidant Time Oxidant Time 
0. 00364 5 0.00348 5 0.00:362 ; 
0. 00293 8 0.00287 8 0.00321 s 
0.00227 12 0.002.36 11 0.00288 11 
0. 00183 15 O.Offi92 14 0. 00259 14 
0.00151 18 0.00163 17 0. 00223 18 
0.00120 21 0 .. 00139 20 0.00202 21 
0. 000986 25 0.00105 25 o.cxn72 25 
Oo000766 30 0. 000804 30 0.00144 )0 
7 g 25 ml. F 8g 75 ml . H 9g 50 ml .. H 
75 ml . ISG 25 mlo ISE 50 ml . ISE 
120.450~ 99.180 122. 855; 99.150 124.605; 99. 340 
1. 8.359 1. 817.) 1. 8.35.3 
Oxidant Time Oxidant Time Oxidant T:i.me 
0. 00409 5 0.00384 5 0. 00.393 5 
0. 00.350 8 0. 00.3.32 8 0. 003.39 8 
0 .00306 11 0.00285 11 0.00288 11 
0.00268 14 0.0024.3 14 0. 002.31 15 
0. 00226 17 0.00204 17 0 . 00196 18 
0.00199 20 0.00181 20 0. 00164 21 
0 .00154 25 0.001.3'7 ·,"25 --~~~-~1.33 25 
0.00124 30 0.0010'7 )0 0.0011.5 :30 
lOg 25 ml . H 
75 rnl . ISE 
124 . 6051 99.340 
1 .8353 
Oxidant 
0. 00394 
0. 00.343 
0. 00296 
0.0026) 
0.00225 
0. 001.98 
0. 00164 
0. 00131 
Time 
; 
8 
11 
15 
18 
21 
25 
) 0 
13 & 50 ml . F 
50 ml. ISG. 
118. 6551 99.225 
1.8589 
Oxidant 
0. 00341 
0. 00275 
0. 00229 
0. 00184 
0.,00153 
0. 00125 
0. 000858 
0.000627 
Time 
5 
8 
11 
14 
17 
20 
27 
32 
H) g 50 ml . N 
50 ml . ISD 
12.3. 650; 99. 240 
1 . 850 
Oxidant 
0. 00418 
0. 00368 
0. 00319 
0.00284 
0. 00243 
0. 00215 
0.00173 
0. 001.38 
Time 
5 
8 
11 
14 
17 
20 
25 
30 
11 : 100 ml. H 
120. 710; 99. 370 
1.80)9 
Oxidant 
0.00370 
0. 00310 
0.00259 
0.00226 
0.00189 
0.00158 
0.00120 
0.000930 
Time 
5 
8 
1.1 
14 
17 
20 
25 
30 
14 & 100 mlo N 
119. 955; 99. 570 
1.8386 
Gxidant 
0.00431 
0.00386 
0.00349 
0.00315 
0. 00281 
0. 00260 
0.002)2 
0.002(]7 
'llime 
5 
8 
11 
14 
17 · 
20 
2.3 
26 
17g 100 ml o I 
114.640; 99. 220 
1.818 
OxidarJt 
0. 00314 
0. 00247 
0. 00201 
0.00152 
0.00133 
0.00105 
0.000901 
0.00075.3 
Time 
$ 
8 
11 
14 
17 
20 
23 
26 
12 & 75 ml . F 
25 ml . ISG 
116.815; 99 .215 
1.8163 
Oxidant 
0.003.31 
0. 0026) 
o.o02m 
0.00169 
0 .. 00134 
0. 00107 
0.00079'2 
0.000650 
Time 
5 
8 
11 
14 
17 
20 
25 
.30 
15 g 75 ml o N 
25 ml. ISD 
121.665$ 99. 140 
l .. B6.3 
Oxidant 
0.00380 
0.00334 
0.00297 
0 .,00261 
o.oo23.3 
0 . 00211 
0. 00187 
0 . 00167 
'Ill me 
6 
9 
12 
15 
18 
21 
24 
27 
l8g 75 mlo I 
25 mlo ISF 
115. 565; 99. 295 
1.837 
Oxidant 
0 . 00310 
0. 00247 
0. 00198 
o.ocn7o 
0. 001.37 
0 . 00109 
0.000840 
0.000657 
Time 
5 
8 
11 
14 
17 
20 
.24 
28 
2 
231 
D Series~ Table- e>.~ -
l9g 50 ml. I 20& 100 mlo M 2lg: 75 ml o M 
50 ml . ISF 25 ml o IS]) 
116 .. 785; 99.445 118.065; 99 • .375 120 .. 245; 99.215 
1.826 1.80.3 1 .. 873 
Oxidant Time Oxidant Time Oxidant Time 
0 .. 00313 5 0.00444 5 0.00442 5 
0.00260 8 0.00411 8 0.00403 8 
0.00214 11 0.00372 11 0.00367 11 
0.00175 14 0.00342 14 0 .. 00326 14 
0 .. 00149 17 0.00314 17 0.0029.3 17 
0.,00127 20 0.,00289 20 0 .. 00269 20 
0.00100 25 0.00249 25 0.00229 25 
0 .. 000653 30 0.00219 30 0.00199 30 
22g 50 ml. M 23& 100 ml. L 24: 75 mlo L 
50 ml. ISD 25 ml. ISD 
122 .. 690; 99.240 116 .. 920; 99.275 119.255; 99 • .325 
1.876 1.846 1 .. 834 
Oxidant Time Oxidant Time Oxidant Time 
0.00394 5 0.00411 5 0.00440 5 
0 .. 00358 8 0.00379 8 0 .. 0039.3 8 
0.00315 11 0.00341 11 0.00355 11 
0.,00281 14 0.00314 14 0.00316 14 
0.00251 17 0.00281 17 0.00290 17 
0.00224 20 0.00261 20 0.00262 20 
0.00191 25 0.00221 25 0.00218 25 
0.00160 30 0.001.92 30 0 .. 00187 JO 
25&. 50 ml. L 26 g 100 ml .. A 27& 75 mlo A 
50 rnl . ISD 25 ml. ISC 
121 .870; 99.270 130.070; 99.245 128.635; 99 • .370 
1. 851 1.820 lo828 
Oxidant Time Oxidant Time Oxidant Time 
0.00394 5 0.00334 5 0.00339 5 
0 .. 00346 8 0.00326 10 0.00326 10 
0.00308 11 0.00317 15 0.00326 1:5 
0. 00273 14 0.00309 20 0.00316 20 
0 .. 00245 17 0.00303 25 0.,00314 25 
0 .. 00214 20 0.00296 30 0.,00304 3P 
0.,00178 25 0 .. 00290 35 0.00298 3:5· 
0.,00145 30 0.00284 40 0.00294 40 
28g 50 ml . A 
50 ml . ISC 
127 .. 490; 99.700 
1.811 
Oxidant 
0.00282 
0 . 00275 
0.00273 
0.00272 
0. 00264 
0.00254 
0 .. 00257 
0.00'250 
Time 
5 
10 
15 
20 
25 
"30 
35 
40 
.318 50 m1 . B 
50 ml. ISD 
129. 590; 99.255 
1..858 
Oxidant 
0.00362 
0.00351 
0.00.332 
0.00310 
0.00295 
0.00283 
0. 00255 
0. 00227 
Time 
5 
15 
.30 
48 
60 
75 
90 
112 
J4g 50 ml. c 
50 ml. ISC 
125. 660; 99. 320 
1.790 
Oxidant 
0. 00.313 
0. 00239 
0.00174 
0. 001.32 
0. 00095 
0.00064 
0.00054 
0.000.32 
Time 
6 
32 
6.3 
. 90 
120 
150 
161 
180 
D Seriesg . ~ble , 91;L~ ·--,-
29 & 100 ml . B 
1.32.400; .. 99.365 
1.8C(; 
Oxidant 
0.00374 
0.00.361 
0.00.336 
0.00316 
0.00293 
0.00275 
0.00258 
0.0022.3 
Time 
6 
15 
30 
46 
60 
75 
91 
122 
J2g ; 100 ml. c 
' 
Oxidant 
0.00.364 
0.00325 
0.00277 
0.0022.7 
0.00190 
0.00159 
0.00113 
0.00056 
Time 
6 
16 
.30 
45 
62 
75 
105 
155 
35& 100 m1. STD 
108.005; 99.450 
1.722 
Oxidant 
0.0027.0 
0.00251 
0. 00236 
0.00218 
0.00209 
0.00187 
0.00178 
0.00159 
Time 
41 
81 
115 
143 
171 
200 
230 
260 
JO g 75 mlo B 
25 m1 o ISD 
130 .. 8.35; 99.440 
1. 850 
Oxidant 
0. 00.346 
0 .. 00.3.3) 
0.00.307 
0.00292 
0.0027.3 
0.00261 
0.00242 
0.0021.3 
Time 
6 
15 
30 
45 
60 
75 
89 
120 
338 75 mL C 
25 mL ISC 
125o805; 99o515 
1 .8;6 
Oxidant 
0.00.345 
0.00.311 
0.00265 
0.00222 
0.00192 
0.00161 
0. 00117 
0. 00060 
Time 
6 
15 
30 
45 
60 
75 
10.3 
153 
J6g 100 m1 . sm 
108. 175; 99 .270 
1.746 
Oxidant 
o.oo560 
0.00527 
0.00507 
0 . 00470 
Ti.me 
80 
100 
119 
150 
232 
233 
D. Series: 
_Table- 9.!t_ _ _ 
37<t. 100 m1. STD J8g 100 ml. STD .398 ~ ~o m1. H 
50 ml . ISE 
108.160; 99.425 108.035; 99.385 124.445; 99.315 
1. 7CY2 1. 7CJ7 1.828 
Oxidant Time Oxidant Time Oxidant Time 
0 .. 00454 7 0.00556 .39 0.00405 5 
0.004.32 21 0.00504 80 0.,00.322 8 
0.00400 47 0.0046.3 11.3 0.002.39 11 
0 .. 00.384 66 0.00434 141 0.00174 14 
0.00366 77 0 •. 00399 169 0.00127 17 
0.00336 105 0.00369 201 0.,00092 20 
0.00327 120 0.00343 2.30 0.00060 25 
0.003a2 150 0.00314 260 0.00057 30 
40: 25 ml. B 41g_ 50 ml. M 428 100 mlo B 
75 ml. ISD :0 ml. ISD 
127.050; 99.325 122.545; 99 • .330 132.2.35; 99.210 
1 .. 856 0.978 3 .. .361 
- Oxidant Time Oxidant Time Oxidant Time 
0.00446 6 0.00477 11 0.00401 15 
0.00429· 22 0 .. 00387 20 0.00354 JO 
0.004.36 40 0.00310 JO 0.00327 45 
0.00364 61 0.00226 44 0.00297 60 
0.00364 81 0.00193 52 0.00270 75 
0.00334 109 0 .. 00160 60 0.00246 90 
0 .. 00318 124 0.00133 70 0 .. 00220 106 
0.00295 148 0.00105 80 0.00199 120 
43& 25 ml. I 448 100 ml .. I 458 50 ml .. B 
75 ml. ISF 50 mlo !SF) 
118.030; 99.300 114.910; 99.150 229 .. 055 (a ) 
1 .. 826 0.980 1.849 
Oxidant Time Oxidant Time Oxidant Time 
0.00422 6 0.00393 5 0.00440 10 
0.00349 10 0.00296 10 0.00419 23 
0.00275 15 0.00244 15 0.00397 3.3 
0.00218 20 0.00191 21 0.00384 41 
O.CX>174 25 0.00166 25 o.oo·368 •.50 
0.00142 30 0.00134 30 . Cl •. 00359 60 
0.00091 40 0.00096 40 ,~: · o~oo316 87 
0.,00062 50 0.00062 50 0.00238 152 
]) Serie~g. 
. 'J:a,ble ·, 9.* "'-'" ,,... 
45Rg 50 ml .. B 46& 100 mlo M 47 & 100 ml .. STD 
50 ml. ISD 
129 .. 580; 99.195 217 .. .355 (a) · ,: 108 .. 565; 99 .. 140 
1 .. 815 1 .. 864 1 .. 834 
Oxidant Time Oxi dant Time Oxidant Time 
0.,00.342 10 0.,000804 5 0 .. 00439 34 
0 .,00318 27 Oo0004Q5 8 0 .. 00400 60 
0.,00288 44 0.,000268 11 0 .. 00403 ~ 
0 ., 00279 60 0 .. 0001.89 15 0 .. 00325 120 
0 .. 00258 76 0.000170 18 0.,00318 152 
0. 00246 90 0.,000148 22 0., 00289 182 
0 .. 00232 106 0.,000128 26 0. 00269 203 
0. 00218 120 0. 00244 231 
Lj,8 g: 100 ml .. I 49 & 25 ml .. I 50& 100 ml .. N 
75 ml . F 
114 .. 970; 99. 650 118.,185; 99. 760 120 .. 485,; 99 .. 415 
1 .. 8232 1 .. 8180 1. 802'7 
Oxi dant Time Oxidant T.ime Oxidant Time 
0 .. 00237 5 0.00291 5 0.00315 5 
0., 00194 8 0.00230 10 0.0028.3 8 
0 .. 00148 11 0.,00183 15 0.,00259 11 
0., 00122 14 0. 00150 20 0 ., 00231 14 
0 .. 00094 17 0.,00114 25 0.,00213 17 
0 .. 00078 20 0 .. 00092 30 0., 00182 21 
0 .. 00063 23 0.00068 35 0.,00159 25 
0 .. 00044 26 o .. o0055 40 0 .. 001)2 )0 
51& 75 ml .. N 52& 50 ml o N 53& 100 mlo V 
25 ml .. ISD 50 ml .. ISD 
122 .. 085; 99. 845 123.810; 99 .. 120 118 .. 470; 99 .. 170 
1. 8()41 1.8524 1 .. 8164 
Oxidant Time Oxidant Time Oxidant Time 
0 .. 00331 5 0.00.325 5 0.,00277' 6 
0 .. 00294 8 0. 00.286 8 0. 00271 60 
0.00265 11 o.o02;p · ll 0 . 00266 120 
0.00236 14 0. 00217 14 0. 00258 198 
0 ., 00207 17 0., 00195 17 01.00260 249 
0. 00181 21 0. 00160 21 0.,00254 300 
0 .,00154 25 O. OOi36 2.5. 0. 00248 360 
0 .. 00129 JO • c ·, ,.~ ·~_w: 0.,00249 420 
235 
A Series g !1\l~le 6' 
·· · - of>~ ··s. • ••• •• 
l6 g 10 ml . A 17:. 10 m1 . A 18 : 10 mlo 1 A 
1,3. 033; 1 .498 13. 037; ·.~ 13. 050, = 
2. 066.4 2. 0217 2. 0018 
Oxidant Time Oxidant Tilne Oxidant Time 
0. 0294 .36 0. 0180 36 0. 0333 )0 
0., 0272 60 0.0164 60 0 . 0.305 60 
0.0251 90 0.0145 90 0. 0280 90 
0.,0225 120 0.0129 120 .0 .. 0255 120 
0. 0196 150 0.0106 150 0.0228 150 
0 . 0174 ~80 o.oCY1; 180 0. 0215 180 
0. 0146 210 0.0075 210 0. 0171 210 
0. 0124 240 0.0060 240 0.0145 240 
-
·--· _ ... -..- ---.. - ...... .-.-
198 10 ml . A 20 g 5 m1 • . A" . 2l g 5 ml . A 
5 ml. ISO 5 ml . ISC 
13. 041; = 12 . 738~ 1.484 12 .. 745; 1. 469 
2. 0116 2. (()1,0 2.0017 
O.xidant Time Oxi-dant Time Oxidal'lt Time 
0. 0262 30 0.0322 30 0 . 0257 30 
0. 0232 60 0.0290 60 . 0.0239 60 
0. 0208 90 0.0268 90 0.0218 87 
0. 0185 120 0.0224 138 0.018.3 1.35 
0. 0166 150 0.0214 159 0. 0169 159 
0. 0141 180 0.0194 180 0. 0153 180 
0. 0117 216 0.0166 210 0 .. 0134 210 
o.mo; 240 ~ 0. 0134 240 o.on; 240 ;) 
22 g 2. 5 ml . A.. 23g 2 .. 5 ml. A ·. i ' 2j.g 10 ml . B 
7o5 ml o ISq 7.5 mlo ISC .. 
12. 691; 1 . 465 12 . 681; 1. 470 13.160} 1. 508 
2. 0145 2 . 01)) 2. 0316 
Oxtdant Time Oxidant Time Oxidant Time 
0.0286 30 0. 0134 30 0 . 0282 60 
0 .,0269 60 0.0127 60 0. 02·51 120 
0.0247 90 0.0116 90 0. 0227 180 
0. 0221 120 0. 00982 120 0. 0196 240 
0. 0195 150 0.00830 15<!> 0.017.3 ) 00 
0. 0172 180 o.Otf777 180 0 .. 0147 360 
0. 01.38 210 0.00568 210 0. 0123 420 
0. 0103 240 0.00456 240 0.0099 480 
A Series g T~'l'tle 65 
25 s 10 ml. B 26g 2 .. 5 ml. B 27 '6 2. 5 ml .. B 
7 . ; ml . ISO 7 .. 5 ml .; ISD 
1) .159; 1 . 505 12. 874; 1.482 12 . 867; 1.476 
2.0290 2. 0264 2.02:32 
Oxidant Time Oxidant Time Oxidant 'I'ime 
0 . 0156 60 0.0,302 60 0 .. 0194 60 
0 .. 01)8 120 0.0278 120 0 .. 0176 120 
. 0.,0124 180 0.0256 18.3 0.0160 183 
0 ., 0108 - 240 0.0228 240 0 .,0145 240 
0., 0098:3 309 0 .. 0199 312 0 .. 0121 312 
. 0 .. 00815 ,360 0 .. 0175 .381 0 .. 0109 381 
O., LXY728 420 O.Ol-46 441 0 . 0092.3. 441 
0.00594 480 0 .. 0128 480 0.00854 480 
28 g 10 ml o STD 29 g 10 ml . STD 30s 10 ml .. S'fD 
10 .. 774; 1 .. 362 10. 767; 1. :349 10 .. ?'77; 1 .. 350 
2 .. 0046 1. 9909 1 . 9915 
Ox.idant Time Oxidant Time Oxidant Time ·. 
0. 0274 30 0. 0212 90 0.0397 60 
0. 0269 60 0 .. 0186 180 0 .. 0.369 12.3 
~ 0., 0262 90 0.0168 270 0 .. 0354 180 •. J 
' I 
o .. o~~o 120 0.,0147 360 0. 0)10 240 
0.,0245 153 0. 0134 450 0 . 0291 ,300 
0 .. 0241 180 o.oo62 636 0 .. 0250 )6o 
0 .,0229 210 0. 0204 420 
0.0222 240 0.0138 480 
31 g 10 ml .. STD 32:: 2. 5 ml . A 33: 2 .. 5 ml . B 
7 .. 5 ml. ISC 7 .. 5 ml . I SD 
10. ?67; 1 .349 12 .. 676; 1 .. 474 12 .. 844; . 1.481 
2 .. 0062 2.0062 1.9942 
Oxidant Time Oxidant Time Oxidant Time 
O., OJ37 60 0.0344 30 0.0414 30 
0. 0311 120 0.0315 60 0. 0403 6o 
0. 0,300 180 0. 0290 90 0. 0)83 90 
0. 0268 240 0 .. 0263 120 0. 0,36; 12]! 
0 ., 0240 300 0.0242 150 0.0:350 150 
0.0213 360 0. 0210 180 0.0331 180· 
0 . 0170 420 0.0181 210 0.0316 210 
. 0.0128 480 0.01)8 240 0. 0305 240 
34 g 10 ml . I 
11.479, 1 • .399 
2 .. 026; 
Oxidant Time 
0.0.382 6 
0. 0361 15 
0. 0353 24 
0.0328 36 
0. 0.'302 45 
0.0260 62 
0.0217 7'5 
0.0154 90 
~ -~iO ·ml . · !i 
11.893; 1 . 423 
2 . 0067 
<r.Aidant 
0. 0266 
0.0247 
0.0233 
0.0222 
0.02CJ7 
0 .. 0191 
0. 017.3 
0 . 0158 
Time 
5 
10 
16 
22 
29 
36 
44 
50 
40g 5 ml . H 
5 ml. ISE 
12 .. 380; 1.451 
1.9833 
<b<;tdant 
0 . 0:260 
0 . 0253 
0 . 0249 
0 . 0240 
0 . 023:2 
0 . 0220 
0. 0217 
0 . 021.1 
Time 
5 
10 
16 
22' 
29 
:36 
4.3 
50 
J5 g 10 ml . I 
11.443; 1.402 
2 . 0226 
Oxidant 
0.0214 
0 •. 0206 
0 . 0201 
0. 0198 
0 . 0188 
0 . 0182 
o.OlT? 
0. 0168 
Time 
5 
10 
16 
22 
29 
.,5 
1!.3 
5~ 
10 ml . H 
12. 076, 1.436 
2. 0686 
Oxldant 
0 . 0:356 
0. 0328 
0 . 0299 
0. 0265 
0 .. 0229 
0. 0192 
Time 
10 
21 
.30 
41 
51 
60 
4l g 2 . 5 mL H 
7 . 5 ml .. ISE 
12. 640; 1.462 
2 .. 0460 
Oxi.dant 
o . o:n~ 
0.0.310 
0. 0.305 
0 . 0 )02 
0 . 0292 
0 . 0292 
0. 0284 
0 . 0277 
Time 
5 
10 
16 
22 
29 
.36 
4.3 
50 
36 & 5 mlo I 
5 mlo lS'F' 
11 .. 662; 1.415 
1 .. 9955 
Oxi dartt T:lme 
0 . 0374 5 
0. 0369 10 
0. 0)63 16 
0. 0.354 22 
Oo034.5 JQ 
0.0323 ;6 
0 .((1:528 43 
0.0337 50 
39 g 7 . 5 rr;] .. .. H 
2 . 5 rnl. ISE 
12 . 270; L 448 
1. 9996 
Oxidant 
0. 0321 
0. 031.3 
0. 0:302 
0 .. 0294 
0. 02'79 
o .. aU.J 
D. £C54 
0 .. 02:3'3 
'l'i tl!a 
5 
10 
16 
22 
29 
36 
43 
51 
42 g; 7 .. 5 ml. G 
2 .. 5 ml . ISH 
12 .. 083; 1..434 
1. 9806 
Oxidant 
0 . 0270 
o . o26tJ 
0. 0249 
0 .. 02:37 
0 . 022) 
0 . 0209 
0 . 0195 
0 . 0183 
Tim.o 
5 
10 
16 
22 
30 
36 
44 
50 
237 
4'3 8 5 m.l o G 
5 m.lo ISH 
12 .. 212; 1 .. 453 
2 .. 0343 
Oxidant 
0 .. 0284 
0 .. 0276 
0 .. 026) 
fJ .. 0261 
0 .. 0246 
() ., 0"234 
0 .,0229 
0 ., 0.218 
Time 
5 
10 
16 
22 
29 
.36 
43 
50 
46 & 7 .. 5 ml ., M 
2 .. 5 m.l .. I SD 
1.:2; o 056; 1 o4J2 
2 .. 01 1 
0 .. 026" 
0 .. 0253 
0 .. 022; 
0 ., 0'203 
0 .. 0191 
0 .. 0163 
0 .. 0148 
0 .. 0117 
Time 
5 
10 
1.6 
21 
25 
30 
35 
42 
49 8 7 .. 5 mL L 
2 .. 5 mL ISD 
11 .. 943; 1..4:30 
2 0 ('f('7'2 
tlxi.dant 
o. o."6; 
() ., 02)$ 
0 . 0209 
( .. 018!_,. 
•) . OJ 59 
.. 0119 
0 .. 0021 
5 
10 
15 
20 
25 
30 
35 
44 g 2 .. 5 ml.. G 
7 .. ; m.lo ISH 
12 .. 480; 1 .. 457 
2 ., 0027 
Oxidant 'l'ime 
0 .. 019:3 
0 .. 0190 
o .. ouv. 
0 .,0180 
0. 0175 
0. 0173 
0 . 0166 
0. 0162 
47<t. 5 ltl 0 1-1 
; 
10 
1.6 
22 
29 
)6 
· 43 
50 
5 ml ., ISI!li 
12 .. 224; 1 .. 1 ..47 
1.9971 
Oxidant 
0 . 0214 
0 ., 0200 
0 ., 0184 
0 .. 0178 
0 .. 0167 
0 .. 0150 
0., 0139 
0 .. 0116 
8) 
" 11 
15 
20 
25 
30 
35 
44 
50g 5 mlo L 
5 rnL ISD 
12 .. 168; 1 .. 44.3 
2 .. 0404 
0-...cidant 
O. O::!S2 
0 . 0256 
0 . 02~31 
0 . 0208 
0. 0181 
0~,01:59 
0 ~0128 
0 .. 0106 
5 
10 
15 
20 
25 
30 
35 
40 
11 ., 820; 1 o419 
2 .. 0174 
Oxidant 
0 .. 0292 
0 .. 0269 
0 .. 0243 
0 .. 021.6 
0 .. 0191 
0 . 01.62 
0 . 0131 
0 .. 0108 
5 
10 
15 
20 
2"5 
30 
J6 
40 
48g 10 liJ. o L 
11..6?0; lo.0-1 
2 .. 034'7 
O.xidv.nt 
0 . 0.366 
0 .. 0320 
0 ., 02'73 
0 .. 0218 
0 .. 0054 
Time 
5 
10 
15 
20 
25 
-----~---
:518: 10 ro.lo N· 
12o051; - o4J8 
2 .. 0090 
0 .. 0:377 
0 .. 0349 
0 .. 0.327 
0 ., 0306 
0 .,02$1 
0 .. 0251 
0 .. 11236 
0 .,0216 
5 
)ll 
15 
2.0 
2 .• 
JO 
35 
40 
52 g 7 . 5 rul .. N 
2 .. 5 ml . ISD 
12 . 228? 1.448 
2. 0419 
Oxidant 
0 .. 0:48 
0 ., 02)7 
0 .. 0:!26 
o .. . 210 
i ., ,)199 
(• .. 01.8.3 
0 .. 01?0 
0 .0155 
Time 
5 
10 
15 
20 
25 
30 
35 
41 
1.1 . 477 ~ 1. 396 
2 . 0448 
Oxidant 
0 .. 0334 
0 .. 0331 
0. 0)21 
0. 0.316 
0 .. 0312 
0. 0300 
0 .. 0293 
0 •. 0281 
Time 
6 
10 
15 
20 
25 
30 
35 
40 
58 s 10 ml . M 
r . 796~ 1.449 
4. 0700 
0 .,0244 
0 . 0232 
0. 021) 
0 . 0181. 
0 .. 0167 
0. 0142 
0 .. 01.27 
0 ~01 
5 
8 
11 
J6 
19 
22 
25 
28 
53 8 5 ml . N 
5 ml.. ISD 
12 .396; = 
2. 0469 
Oxidant 
0 •. 0287 
0. 0274 
0. 0.266 
0. 0252 
0.0237 
0. 0227 
0. 0212 
0.01.99 
Time 
5 
10 
15 
20 
~ 25 
.30 
35 
40 
56g 5 nJ. . H 
5 ml . ISE 
12. 368,; 1.479 
3 . 84~?2 
Oxidant 
0'. 0211 
o. o203 
0.0194 
0. 0190 
0.0179 
0. 0175 
0.0164 
0. 0158 
5 
10 
15 
20 
25 
30 
35 
40 
---------· 
598 2 . 5 ml . B 
7 . 5 ml . ISJ 
10.861, 1. 369 
2 . 0074 
Oxi.da:nt 
0 . 0263 
0. 0244 
0. 0227 
0. 0225 
0. 0203 
0 . 0188 
O. ffi74 
0 . 0158 
'l'lme 
30 
66 
90 
lQ~ 
150 
180 
210 
240 
10 .. 815; 1 .. 38:5 
3. 8257 
Oxidant 
0 . 0240 
() ,. (1;12:2 
0 .,022) 
0 . 0211~ 
0 .. 0200 
o.o;;m 
0. 0195 
0. 0183 
Time 
20 
56 
70 
90 
JJ.O 
1)0 
151 
1$1 
5? g 10 m1 .. H 
0 .. 0228 
0. 0217 
0.0211 
0. 0198 
0 . 0190 
0. 0178 
O .. CU69 
0 . 0165 
c.· 
.) 
1() 
16 
20 
2:5 
30 
)5 
40 
60 g 10 m..lo c 
12 . 6:28~ 1.475 
2 .. 073"1 
Odd ant 
0 . 0'.!.$5 
o . o-~66 
0 . 0:239 
0 . 0:...19 
0 . 01.93 
o .o1~g 
o.ou6 
0 .. 0130 
20 
~f.) 
e::. v 
~-o 
120 
l50 
180 
21( 
239 
61& 10 mlo M 
llo809, 1 .. 42B 
2o0440 
Oxidant Tim · 
0 .,011)2 5 
~._"', ., (J182 10 
0 . 0165 15 
0 .. 0153 20 
() .,01'33 25 
0 .,0123 :30 
0 .. 0;1,04 35 
0 ., 00903 40 
11 .. ?80~ 1 .. 42.3 
2 o0626 
Oxi- ant 'llirue 
o .. o 92 4 
0 .. 0174 10 
0 .. 0123 15 
0.,0183 21 
0 .,0128 25 
0 ., 0121 JO 
0 .,0103 35 
0.00919 40 
t/1 & 10 ml ., M 
l lo844' 1 .. 425 
2 .. 0211 
Oxidant Time 
O.,O?'JJ 5 
0 ~ 0265 10 
. .. Cl2.4 15 
.. 019:5 20 
.. (l~J. 3 25 
O. Olf-6 30 
li ., OlJ$ 35 
0. 0116 40 
A Se:d.es g ~:;;.JrJ..-::: f,5 
..,..__, ______ p-··------·-·· -~ ..... -........ 
62 g 10 ml o Si'b 
Oxidant ·r:tm..a 
0. 0265 60 
0., (.>256 120 
0.0258 180 
0 .. 0231 240 
0 .. 021:3 300 
0 .. 0191 363 
o .. OJ46 462 
~ 
i'·. 
l .lo8ll51 1..4.16 
1..0166 
Oxidant Tim;a 
0 .. 0297 10 
0 . 02:52 20 
0 . 0215 .30 
0 . 0161 40 
68 & 10 mlo P 
11..5589 lo405 
2 .0~l7 
O;;:idrurt T· .rue; 
o . o~~n · ~ 
0 . 02~1 10 
0.0196 15 
0. 0182 ~~0 
0 . <)15) '27 
o. o11~2 31 
0 . 0121 J5 
0. 0106 40 
63 & 5 mlo H 
5 mL I~ 
12o .371 ~ L 447' 
l o0595 
Oxidant Tim.a 
(1 .,0354 10 
0 .. 0.~4!~ 20 
o .. n:n5 30 
0 ., 0_320 4d 
0., {)_309 5~ 
0 .. 0296 ?6 
0 .. 02$2 'A) 
0 .. 0262 :L2 
66 g 10 ft.i 0 0 
1 1. '752~ L 419 
2 .. 0290 
Oxida.nt T:! i:·~=-
o .. i2.4,7 ~· 
0 ., 0227 :10 
O .. O~lCJ J5 
0., 0188 ~0 
0 .. 0164 25 
0. 0146 )0 
0 .. 0122 35 
0 .. 0101 40 
69 g 10 mlo P 
llo565$ l o411 
2 o06?'2 . 
Hxidan.t 'l'i:U!<a 
t1 ., 0:302 ~ 
(1 . 0161 10 
0., 0144 1M ... :;' 
o .. ro19 20 
0 ,. 0191 :2.5 
o .. ol6t~ 30 
0 .. 0137 35 
O. OJ.lO 4i) 
240 
?Og 10 ml . P 
Jl . 5:571 lo 409 
2o06.41 
0-l{ i do...'lt Time 
o .. o~,99 5 
0 . 03:58 lfJ 
0 . 03~3 15 
n.o2._'J 20 
0 . 02 44. 25 
1. 0 .. W8 .30 
0 . 01 :58 .35 
·n g 10 ml . S'l'!; 
. o • ., 9) j . :34'7 
.. • 05'1) 
Ox:i. · ant 'fime 
0 .. 0)36 30 
0 . 032!t. 64 
0. 0316 90 
0. 0)10 1.20 
0. 0288 157 
o.02S9 180 
0. 0255 240 
0 . 0222 .30.3 
-· ·-----
?(, & 10 m1 . A 
)j . OJ11 1 • .535 
4 . 0167 
Oxina'lt 'l'iwr; 
o.ol!.9 1.0 
O,.t"Jl47 20 
O. OHO 30 
0. 0130 45 
0 . 0120 60 
o.m12 75 
0 . 0100 90 
0. 0091.5 10 
7l g 10 rnl .. P 
11. 561~ 1.409 
2. 0075 
Oxidant T:Lne 
0 . 0138 5 
0. 0129 10 
0. 0119 15 
0. 0110 2 0 
0. 00964 25 
0. 000:59 .30 
o.aC/797 35 
0.00646 40 
'74 g 2 ;:; . .,~ ml. M 
7 . 5 !fLlo I&» 
12 . 528~ 1.46.4 
2.0664 
0 idant Timt:J 
0. 0432 &:; .., 
0 . 0409 10 
0.039.3 13 
0.0379 16 
0 . 0340 22 
0. 0331 25 
0 . 0322 28 
77 g 10 ml . H 
12 . o64, 1.445 
2. 0050 
O:dda.vJrt 'l::l me 
0 . 1)~37 5 
O. Ch!27 1-
0 . 0218 lf; 
0 . 020'7 20 
0 . 01o/.i! .30 
0.0172 1;,0 
0. 015:5 50 
o. OJ.36 60 
72 g 10 ml . M 
l lo809$ 1 .42~ 
2 ., 02:5 ' 
Oxidai;:l;, Ti:me 
0 .. 0430 5 
O. !.J85 ~-0 
o .. o:; ·6 15 
0 .. 030~ 2· 
0 .. 0~'60 25 
0 . 0219 J(} 
o .. o:t.:.n j'1 
-·-·---------~--- ,._. ·~--
"1 '" ~ ::-; g 2. 5 ml . H 
'If} ... , ., , ~r.J. o ISn 
12 . :533$ 1 .. 46:2 
1.9<U:.n 
O:.ll::tda.ut 'l'iJae 
o.o:rn 5 
0. 0169 g 
0.0170 ll 
0 . 016tJ 14 
0. 0162 1'7 
0 . 0153 20 
O. OJ.47 ;;.6 
78g ; ml .. lt , llll .. ISK 
11 . 02o1 L 3t14 
2 . 0\.'Yl:> 
Ox :i (1 fA ?'It 'l'jme 
0 .. 021)9 :5 
O. IJ2J4 10 
o .. n-z';;?. 15 
O. C)is: ~0 
0 .,02.70 J~ 
0 .. 0265 .:~0 
J. t ,...5'l ::>2 
0 .. 0245 6!J 
241 
79g 5 ml o M 
5 ml o ISJ 
10o 92J ~ · l o.381 
2o0l75 
Oxidarrt Time 
0 ., 0280 5 
0 .,0153 10 
o.o:os 15 
0 . 0220 20 
0 .,0198 25 
Cr .. Ol81 30 
0 .. 0162 J5 
0 .. 0146 40 
rt...:::t d.ax:d:; IJ:L•.e 
t: . Ol)2 6 
··1. 0176 bO 
0 .. 0166 120 
o.Ol54 196 
0 .. 0147 255 
0 .. 01~-2 300 
(1 . 0130 360 
o .. 01.2H ~-20 
SO g 2 .. 5 ml o N 
7 .. 5 ml .. IS!8 
12 .. 298; 1 .460 
2. . 0128 
Oxi dant 
0. 0325 
0. 0315 
0. 0307 
0 .. 0.300 
0 . 0289 
0. 0;!81 
o .. CJ2.74 
.. p:.;Q244 
Time 
5 
8 
1.2 
15 
19 
22 
26 
30 
1.1 . 857'; l . li)) 
1 . 99'19 
(; . O~~(J) 
0 ., 0205 
0. 0198 
0.0195 
0 . 01.89 
0 . 015.1 
o . OlT3 
0 . 0173 
:1~ 1'\ 
,.) • . .! 
5~~ 
9:-l 
:n.6 
11rr 
lf)[) 
2.10 
240 
242 
1 g 10 m.lo Q 
12 . 100; 1 . 441 
2. 0065 
Oxidant 
0 . 0295 
o.o:-:75 
Go . "- 59 
o .. 241 
0. 0222 
o. o.:~ff/ 
0 . 01.89 
o. )176 
Time 
5 
8 
11 
14 
17 
20 
23 
6 
11 ., 8'74$ 1 .. 42tj 
2 .. 0221 
0 .. 0297 
0 .. 02?0 
0 .. 02.:.4 
0 .. 0216 
0 . 0192 
050169 
0 . 01.48 
(J . 0133 
Time 
/!.' 
' 8
11 
14 
17 
20 
2) 
26 
7 g 10 ml ,. F 
11.5141 1.4C9 
1 . 998~ 
0 .. 0.)19 
0. 0305 
0. 0194 
o . o2g5 
0.0272 
o .. m66 
0 ., 025'7 
o .. o:.u.; 
TiHta 
5 
8 
11 
14 
17 
20 
2 ,) 
26 
2 g 10 nl . rt 
Oxidant 
0 . 0250 
o. CJ2.27 
. 02C!1 
0 . 0189 · 
0.0174 
0 . 0151. 
O. Ql.40 
0 .01.28 
Time 
5 
9 
12 
15 
l S 
21 
24 
27 
:5 ~ 10 ml . ·~ 
1.1 .. ?68, 1.426 
1 . 989,~ 
Oxidant 
• 0316 
0 . 0287 
0 ·269 
0 . 44 
o. '21 
o.co.cn 
0 . 0184 
0 . 0169 
Ti:!i:.~ 
5 
a 
l l 
14 
17 
20 
23 
26 
s ~ 10 llll . n 
12. CY77 » L445 
2 . 0018 
0. 0356 
o. o;;29 
0 . 0308 
. 0290 ' 
0. 0264 
0 . 0247 
0.0226 
0. 0209 
Tim 
5 
l(l 
1.5 
20 
25 
.30 
35 
40 
12 .. 063; 1.435 
2 . 0040 
Clxi dant 
0 . 0364 
0 .. 0326 
0 .. 0291 
o .. c:.:r~;6 
o.o.:-:2.3 
o.m 95 
1,.0171 
I e014,8 
Time 
:5 
B 
11 
l4 
17 
zo 
Z) 
26 
ll .. S;o, 1 .. 42B 
2 .. tJ04 9 
~:ddant 
0 .. 0254 
0. 0245 
O. CY240 
0 . 02)1 
0 . 0225. 
0 . 0218 
0 . 0211 
0 . 0210 
' i !i~ . 
5 
8 
11 
14 
17 
20 
2) 
~6 
9 g 10 m.l . STD 
10. 780; 1 . )58 
1 . 9777 
Oxidant 
0 . 0300 
n .. u-25~ 
o . o~~12 
O .. (Tl67 
0 . 0124 
0 .. 0094 
0 .. 0055 
Tlrna 
30 
60 
90 
120 
150 
J8() 
210 
243 
1~ g 10 ITlL STD 
10o776; 1..)57 
2 . 0041 
fuidant 
0 ., 0189 
o .. m. 7:2 
0 ., 01.,~0 
0 .. 012:2 
0 ., 0():}:2 
O., lXJ71 
0 ., 0049 
o. J02) 
Time 
30 
60 
90 
120 
150 
180 
210 
'2.4.0 
l~~g 10 mJ .. S 
) ofi:{f $ 1 ., 4)"/ 
2 .. 00J.7 
.. ldant 
o.ct 51 
.. f1Z;>.8 
0 ., 0')()7 
O .. OJ.86 
IJ . fll.S:5 
(J . oJ47 
0 .. 013 
0 . 0.~19 
Time 
5 
8 
11 
14 
J7 
2.3 
26 
l6 g 10 1ulo S 
~ 2 .. rt4; 1.435 
1 0 <); ;;,; 
() ., 01 59 
(1 ., (')150 
I' . '/' ; 
· ' 1}·: ...'? 
i . (/1 " '~ 
o .. \)J t ) 
0.0095 
( . 0090 
, 
8 
:n 
ll 
l'l 
20 
2) 
2[) 
ll g 10 ml. .. STD. 
10 . ~69 1.359 
1. 9945 
Oxidant 
0. 0.389 
0 . 03'"/6 
0 .. 0355 
0. 0337 
0. 0324 
o.o3os 
o.02S9 
0 ., 0"271 
Time 
10 
20 
)0 
40 
50 
60 
?0 
t1o 
11 . ~69 9 1.. 4,~n 
2 .. 0CR1 
Cfxi.dant 
0 . 0,4.47 
0 . 01.2'7 
0. 0415 
l . 0.394 
o .. o3so 
0. 0362 
0. 0346 
0. 0328 
l7 g 10 fu.1 ., B 
0. 0.'379 
0. 03)9 
(; . 0299 
o . 021l 
O. a242 
O. U:;l) 
0. 0188 
0 . 0168 
10 
I' 
c •. 
'70 
80 
I' 10 mh F 
11 .. 544; 1.406 
1..9996 
Oxidant 
0 .. 0265 
0. 0<!46 
0 .. 02)) 
o .. o:ns 
0 .. 02(14 
o. r19.3 
0 .. 0177 
o .. oi.6i-s 
Time 
5 
)() 
15 
'0 
?5 
30 
~' 40 
l.l o Cl~·Jl , l o.4.:<.5 
l o 9S;?;~~ 
o .. o~ws 
0 .. 02.'76 
o .. n;:: :6 
n .. o.2;•7 
.. 024"'} 
0 ., 0230 
O. Q2U 
0. 0216 
5 
~·.o 
1:5 
2D 
25 
)0 
35 
40 
0 ml.. A 
13 . 049, 1 . 504 
1. 995~ 
rr ..dd nt 
0 . 019'1 
0 . 01'10 
fJ . tn ~·3 
O .. n1'24 
0 . 0102 
(!o(.008 
o.. 7. 
o. '63 
10 
20 
)0 
40 
5l 
60 
70 
gl) 
244 
l C•o 7 o 5 r.·Ll o A 
5 L!l o ISC 
12 .. 7609 1 .. 1~8.4 
2 .. 0015 
O;ddm:..t Tima 
o .. .:.97 10 
0 . 02::>7 20 
0 ., (/!21 3) 
(J .. 010'7 40 
c:_, . VlAl 50 
u .. ')r~r) '·l 
t 1., {;1 1 rj) 
' rJ ofU)O a1 
,~,.~ 0 'l () . ·:.· 0 1_) 
0: ·iddilt 't!ma 
(J ., 0~?,9 10 
0 ., (,;,\D-.1 ~Jo 
o . rJ291 )0 
o .. 278 ~0 
0 .. 0257 50 
0 240 60 
0 .. 0228 70 
() ., 0215 BO 
25& 10 ml .. F 
ilo55ts} J .a97 
LU.SS 
Ox1j11.n. irs. a 
0 .. 0293 :5 
0 .. (12.1«5 10 
f; ,. 017J 13 
·""~ . u;'62 ~0 
OG0252 25 
() ., (12:4.2 JO 
0 . 0137 .3:5 
0 . 0229 '•o 
20& 10 ml . I 
1l o4'79 ~ l o400 
l o99$1 
Oxidant Time 
0. 0429 10 
0 .. 0)92 2.[) 
0 ., 0357 JO 
l) ., 0.324 .(~ 
.. 0296 50 
0 .. 0264 ACi 
-~17 7t' o.<·ll $0 
11.92:2, 1o <{46 
2 .. 01')'} 
·~ _dant Tl::n~• 
0 . 0:308 II:; 
. .1 
o .. m66 8 
u .. ~) 11 
0. 0196 14 
0. 0164 17 
0 ., 01)8 . (' 
0 . 0116 2l 
0. 0094 ~6 
26g 5 riil o \' 
5 r-"'!. o (JK 
llo en. 7' ] 0 . r''l 
L<JS58 
o ... :tla:nt '1 i <.J.-
o.oyn 
0 .. 0351 15 
(1 ., ()))9 =n 
o. 328 2; 
0. 0319 j(J 
.OJ04 35 
0. 0295 40 
2 g 10 ml .. H 
12 " 057 i 1., 4:37 
:2 .. 0011 
Oxidant Time 
0 .,04)6 10 
0 .. 038.) 20 
o.o:r>3 30 
.. .. cc.: s6 40 
o .. n:.J, 5 50 
1\,(•2\.n' 6n 
o .. Gl?$ 7v 
c .. rru 4 ao 
o .. 1,)\1~! 5 
0 ., {)2f50 l1 
0 . 0260 }l 
0 .. ~)9 14 
o.m1s :r 
0. 0198 20 
0 . 0186 ~) 
0 . 0165 ;d., 
27& 10 ml o A 
1) .. 110~ lo508 
2 o(;047 
() ., 1);._. :3 
., .. lY,.4 {, 
0 . 022:5.' 
O o fr20~ 
o .. aen 
O .. ti:l45 
Oo0120 
!) .. 0())6 
'l'ht 
5 
10 
~0 
.30 
jl) 
;o 
62 
28g 10 ml. v 
11.896; 1.424 
1..9973 
Oxidant Time 
0.0267 5 
0.0251 10 
0.0234 15 
0.022.3 20 
0.0197 30 
0.0172 40 
0.0156 50 
0.0135 60 
246 
E Series& Table ~6 
247 
'. 
G Series~ Table 67 
1g 10 ml. F 2g 10 ml. H 3: 10 ml. J 
11.524; 1.403 12.094; 1.436 11.854; - 1.423 
2.~09 2.1245 2.'1238 
Oxidant Time . Oxidant Time Oxidant Time 
0.0318 3.5 0.0227 ' 5 0.0221 5 
0.0300 7 0.0210 10 0.0216 10 
0.0286 11 0 •. 0197 15 0.0201 15 
0.0260 20 0.0181 20 0.0193 20 
0.0228 30 0.0162 30 0.0177 30 
0.0203 40 0.0145 40 -· Q~Ol63 40 
0.0159 55 0.0125 50 0.0150 50 
0.0128 70 0.0112 60 0.0137 60 
4g 10 ml. R 5g 10 ml. s 6g 10 ml. T 
12.039; 1.431 12.050; 1.436 11.892; 1.430 
2.1098 2.1172 2.1185 
Oxidant Time Oxidant Time Oxidant Time 
0 • .0333 5 0.0313 5 0.0248 5 
0.0290 10 0.0287 8 0.0230 8 
0.0259 15 0 .. 0270 11 0.0216 11 
0.0224 20 0.0240 14 0.0197 14 
0.0197 2~. 0.0218 17 0.0189 17 
0 .. 0163 .30 0.0194 21 0.01.66 21 
0.0141 35 0.0164 25 0.0150 25 
0.0118 40 0 .. 0139 30 0 .. 0126 30 
7g 10 ml. u 8g 10 ml. A 9g 10 ml. B 
11.786; 1.420 13.109; 1.501 13.183; 1. 5CJ7 
2.1094 2.1138 2.11o6 
Oxidant Time Oxidant Time Oxidant Time 
0.0288 5 0.0180 5 0.0168 5 
.0~0267 8 0.0142 10 0 .. 0159 8 
0.0250 11 0.0112 15 0 .. 0144 ll 
0.0228 15 0.0085 20 0.0133 14 
0.0209 18 o.WJ7 25 0.0120 17 
0.0190 21 0.0046 30 0.01(17 21 
0.0162 26 0.0038 35 0.0094 25 
0.0147 30 0.0028 40 0.0076 33 
10: 5 mlo A ,. 
5 mlo ISC 
12o 782; L48.3 •· 
2o ll34 
Oxidant 
Oo01J1 
Oo0116 
OoOl.OO 
Oo0089 
Oo00'75 
Oo0064 
Oo0050 
Oo0040 
Time 
5 
8 
11 
14 
17 
21 
25 
30 
1Jg 10 ml o J1' 
11 o 539~ lo398 
lo0552 
OXidant 
Oo0232 
Oo0217 
Oo0209 
Oo0199 
Oo0185 
Oo0175 
Oo0156 
Oo0142 
Time 
5 
·12 
20 
.30 
40 
50 
65 
80 
16g 10 mlo F 
1lo555 ~ 1.,406 
2o057 
Oxidant 
Oo0)6) 
Oo0J46 
Oo0310 
Oo0276 
0.,0239 
Oo0207 
0.0171 
0.0148 
Time 
5 
10 
20 
30 
40 
50 
60 
70 
G Series: ~ble 67 
11& 10 mlo R 
12 o08J; 1.433 
1.0606 
Oxidant 
Oo0),31 
Oo0)11 
Oo0285 
Oo0262 
Oo0241 
Oo0216 
Oo0193 
Oo0176 
Time 
5 
10 
15 
20 
25 
30 
36 
41 
l4 g 10 ml o R 
12o00); L43J 
2oll27 
Oxidant 
0.,0106 
0.,0106 
0 ... 0096 
0.,0096 
Oo0085 
Oo0080 
Oo0CY75 
Oo0070 
Time 
5 
8 
11 
14 
17 
21 
25 
30 
17g 10 ml o A 
13o089j lo499 
1o99o:J 
Oxidant 
Oo02)1 
Oo0182 
Oo0144 
0.0107 
Oo0087 
Oo0065 
Oo0051 
Oo0036 
Time 
5 
10 
15 
20 
25 
.30 
.35 
40 
12: 10 mlo A 
1Jo090.7 lo498 
1o05J1 
Oxidant 
Oo0197 
0.,0179 
0., 0156 
0 ... 0141 
Oo0122 
Oo.Oll.3 
Oo.0095 
Oo0088 
Time 
5 
10 
15 
20 
26 
.30 
35 
40 
15: 10 rnlo F 
1L517; L 4Cil 
2 .. 1180 
Oxidant 
0.,0CY755 
Oo00661 
Oo00614 
0.,00558 
Oo00527 
Oo00485 
Io00445 
0 .. 00411 
Time 
5 
8 
ll 
14 
18 
22 
26 
30 
18: 5 rnl. T 
5 mlo HzO 
19o911~ 1.,)65 
2o0619 
Oxidant 
Oo0375 
Oo0345 
Oo03ll 
Oo0284 
0.,0265 
0.0229 
0.0202 
0.,0170 
Time 
5 
8 
11 
14 
17 
21 
25 
.30 
248 
249 
F Seriesg ~bl,t;;;: ,.68 
1& 10 ml. H 2:: 10 ml . F Jg 10 ml . J 
12.070; 1.4.37 11.512~ 1.407 11.851; 1.426 
2.0036 2. 01.42 2. 0ll0 
Oxidant Time Oxidant Time Oxidant Time 
0. 028.3 10 0. 0258 5 0. 0206 5 
0.0227 20 0. 0229 10 0. 0184 10 
0.0181 30 0 .. 0209 15 0 .. . 0171 15 
0.0148 40 0.019.3 20 0. 016.3 20 
0.0100 60 0. 01S7 25 0 .. 0156 25 
O.,f/J79 70 0. 0174 .30 0 .. 0150 .30 
0 •. 0066 80 0.0162 35 0. 0144 .35 
0 .. 0154 40 0 .. 01.38 40 
4g 10 ml. F 5& 10 ml. R 6& 10 ml . A 
11. 527; 1 .401 12 .069~ 1. 466 13 •. 110; 1.509 
2. 1182 2.1296 2. 1284 
Oxidant Time Oxidant Time Oxidant Time 
0. 0368 .3 0. 0.349 5 0.0162 15 
0.0,336 7 0.0291 10 0.0094 30 
0. 0314 11 0. 0229 15 0.0048 45 
0.0278 21 0.0187 20 0., 0020 60 
0. 0247 30 0.0146 25 
0 .. 0207 45 0.0120 .30 
0 • .0165 60 0. 0092 36 
0.0129 75 0. 0080 40 
7& 10 ml. s 8g 10 ml. T 9: 10 ml . u 
12 .. 057; 1.441 11.883; 1._4.32 1lll , 82; · 1 .425 
2.1292 2.1248 2.1142 
Oxidant Time Oxidant Time Oxidant Time 
0.0,328 5 0.0,328 5 0. 0,300 5 
0.0283 8 0. 0291 8 0 . 0250 9 
0 .. 0251 11 0. 025.3 11 0. 0223 12 
0.0207 14 0. 0221 14 0.0201 15 
0.0180 17 0. 0188 17 0. 0180 18 
0. 0148 21 0. 0153 21 0.0155 22 
0. 0115 25 0. 0123 25 0. 0138 26 
0. 0089 30 0. 0099 .30' 0. 0120 30 
lOg 10 ml. STD 
10.807; 1.365 
2o1172 
Oxidant 
0.0366 
0.0339 
0.0301 
0.0256 
0.0139 
Time 
5 
10 
15 
20 
30 
l2g 5 ml. A 
5 ml. ISQ. 
12 . 789; 1.484 ' 
2.1241 
Oxidant 
0.0250 
0.0205 
0.0167 
0.0140 
0.0108 
0.0086 
0.0061 
o.oo5o 
Time 
5 
10 
15 
20 
25 
30 
36 
40 
15 g 10 ml. R 
12.030; 1.427 
1.1634 
Oxidant 
0.0375 
0., 0354 
0.0327 
0.0303 
0.0278 
0.0250 
0.0223 
0.0188 
Time 
5 
8 
11 
14 
17 
21 
25 
30 
F Series g Tii!..l;ile. 68. 
lQRg 10 ml. STD 
10.820; lo360 
2.1313 
Oxidant 
o.0301 
0.0280 
0.0248 
0.0212 
0.0131 
0.0030 
Time 
5 
10 
15 
20 
30 
40 
138 10 ml. J 
11.840; . 1.426 
2 .1275 
Oxidant 
0.0268 
0.0243 
0.0235 
0.0225 
0.0210 
0.0206 
0.,0193 
0.0194 
Time 
5 
10 
15 
20 
25 
30 
35 
40 
16g 10 mlo A 
13.058,7 1.495 
1.1556 
Oxidant 
0.0230 
0.0220 
0~9212 
0.0201 
0.0185 
0.01?4 
0.0158 
0.0143 
Time 
5 
8 
11 
14 
17 
21 
25 
30 
11~ 10 mlo B 
13.185; - 1.512 
2.1152 
Oxidant 
0.0323 
0.0286 
0.0253 
0.0220 
0.0189 
0.0161 
0.0141 
0.0115 
Time 
5 
10 
15 
20 
25 
30 
35 
40 
l4g 10 ml o It 
12.057; 1.437 
2. 1143 
Oxidant 
0.0225 
0.0207 
0.0182 
0.,0167 
0.0141 
0.0127 
0.0106 
0.0088 
Time 
5 
8 
11 
14 
17 
21 
25 
30 
l?g 10 ml .. F 
11 .. 522; . lo395 
lol473 
Oxidant 
0 .. 0344 
0. 0327 
0.0308 
0. 0289 
0.0260 
0.0231 
0.0205 
0.0178 
Time 
5 
10 
20 
30 
45 
60 
75 
90 
18g 10 ml. A 
13.067; · 1.509 
2.1271 
Oxidant Time 
0.0187 5 
0.0165 8 
0.0148 11 
0.013.3 14 
0.0120 17 
o.o1~ 21 
0.0086 25 
0.0075 30 
F Series g T~~l~ 68 
19g 5 ml. T· 
5 ml. H2 0 
10.929, 1 . 371 
2.0575 
Oxidant Time 
0.0390 5 
0.0343 8 
0.0.303 11 
0.0269 14 
0.0223 18 
0.0194 22 
0.0159 26 
0.0137 .30 
··., .. 
25J. 
252 
H Series: ~pl.e §9 
1: 10 m1 . A 2: 5 ml. A 3: 10 ml . B 
5 mL ISC 
13.103; 1.499 12.810; 1.484 13 .221; · · 1. 513 
2.0169 1.9994 2. 153 
Oxidant Time Oxidant Time Oxidant Time 
0.0338 5 0.0444 5 0.0268 ; 
0.0318 10 0.0327 10 0.0236 10 
0.0297 15 0.0305 15 0.0206 15 
0.0279 20 0.0287 20 0.0186 20 
0.0256 25 0.0264 25 0.0161 25 
0.0240 30 0.0242 .30 0.0147 30 
0.0222 
.35 0.0223 35 0.0125 35 
0.0200 40 0.0204 40; 0.01.12 40 
4g 10 ml. A 5: 10 ml. A 6g 10 m1 . A 
13.009; 1.510 1).090; 1.498 13.130; -
2.0171 1 .0542 2.0199 
Oxidant Time oiidant Time Oxidant Time 
0.0236 5 0.0329 5 0.0283 5 
0.0218 10 0.0316 10 0.0263 10 
0.0201 15 0.0300 15 0.0244 15 
0.0190 20 0.0293 20 0.0226 20 
0.0178 25 0.0282 25 0.0203 25 
0.0164 30 0.0267 30 o.ou~o 30 
0.0152 35 0.0262 35 0. 0159 35 
0. 0139 40 0.0251 40 0.0131 40 
7g 10 ml. H 8g 10 ml. F 98 10 ml. J 
12 . 088; 1.440 11. 5.37; 1.411 11. 927; 1.429 
2.0192 2.0248 2.0063 
Oxidant Time Oxidant Time Oxidant Time 
0 .. 0224 20 0.0320. 5 0.0296 5 
0.0159 30 0.0278 10 0.0262 10 
0.0103 40 0.0249 15 0.0243 15 
o.OCJ73 50 0. 0215 20 0.0216 21 
0 .. 0048 60 0.0155 30 0.0182 30 
0.0035 70 o.on6 40 0. 01.43 40 
0.0016 80 0.0084 50 0.0117 51 
0.0062 60 0.0094 60 
10: 10 ml. F 
11.516; ·-
2.0063 
Oxidant 
0.0321 
0.0279 
0.0244 
0.0215 
0 .. 0159 
0.012.3 
0.0095 
0.0074 
Time 
5 
10 
15 
20 
30 
40 
50 
60 
1.)g 10 ml. R 
12.116; 1.441 
1.9697 
Oxidant 
0.0300 
0.0229 
0.0177 
0.01.)8 
0.0110 
0.0086 
0.0074 
0.0060 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
16g 10 ml .. u 
11. 796; = 
2.0200 
Oxidant 
0.0222 
0.0152 
0.0103 
o.oo6; 
0.0039 
0.00·25 
0.0038 
Time 
5 
8 
11 
14 
17 
20 
23 
H Series: _Tabl.e .... 69. 
11g 10 ml. F 
11.550; -
2.0'295 
Oxidant 
0.0187 
0.0161 
0.0143 
0.0125 
0.0098 
0.~74 
0.0057 
0 .. 0040 
Time 
5 
10 
15 
20 
30 
40. 
50 
6o 
14g 10 mi. s 
12.CYJ7; 1.434 
2.0150 
Oxidant 
0.!12.77 
0.0209 
0.0165 
0.0126 
0.0103 
0.0081 
0.0068 
0.0052 
Time 
5 
8 
ll 
14 
17 
20 
2.3 
26 
17g 1G ml. R 
12. 095; 1.4·34 
2 .. 0355 
Oxidant 
0.0193 
0.0125 
0.0078 
0.0044 
0.0026 
Time 
5 
8 
11 
14 
17 
12~ 10 ml. F 
' 
11 .. 554; 1.401 
1.1711 
Oxidant 
0.0103 
0.0088 
0.0078 
0.0070 
0.0051 
0.0050 
0.00.)8 
0.()036 
Time 
5 
10 
15 
20 
.34 
42 
50 
60 
15g 10 ml. T 
11.916; 1.424 
2.CXll1 
Oxidant 
0.0291 
0.0217 
0.0170 
0.0132 
0.0106 
0.0082 
0.0066 
o.oo;6 
Time 
5 
8 
11 
14 
17 
20 
23 
26 
18g 10 ml . u 
11. 793; 1 .423 
2.0078 
Oxidant 
0.022~ 
0.0185 
0.016.3 
0.0139 
0.,0124 
:'(i .0110 
0~0106 
0.0094 
Time 
4 
6 
8 
10 
12 
14 
16 
18 
~53 
Blank Runs: Table 70 
J Series 
1 : 100 ml. c 
Oxidant 
0 . 03521 
0. 03410 
0.03382 
0. 03355 
0. 03349 
0. 03320 
Time (hrs . ) 
0.10 
3.50 
6. 50 
16.13 
22.0 
41. 6 
3: 100 ml . G 
122. 705; 99-945 
Oxidant 
0. 03569 
0. 03491 
0. 03433 
0.03284 
0. 03129 
0. 02842 
0. 02185 
0. 01889 
Time (hrs . ) 
0.17 
1. 75 
6.20 
17. 97 
29. 70 
42. 70 
66 . 70 
67.50 
5: 50 ml. M 
50 ml. ISD 
123. 020; 99. 955 
Oxidant 
0. 05965 
0. 05653 
0. 05163 
0. 04856 
0. 04287 
8 :8~~~ 
0. 03218 
0. 02918 
0. 02707 
0. 02324 
Time ( !".IX'S . ) 
2: · 100 ml. F 
Oxidant Time (rn:J.n. ) 
0. 03034 
0. 02948 
0.02934 
0. 02928 
0. 02925 
0. 02917 
0. 02922 
0.02903 
4: 10 ml. F 
5 
15 
31 
46 
60 
·n 
92 
117 
Oxidant Time (hrs . ) 
0.0289 
0. 0263 
o.·o254 
0. 0250 
0. 0253 
0. 0237 
0. 0223 
6: 10 ml. A 
13. 086; 9.946 
0.1 
10. 0 
22.0 
30 .0 
50. 0 
72. 0 
lOO oO 
Oxidant 
0. 0241 
0. 0213 
0. 0201 
0. 0198 
0. 0189 
0. 0195 
0.0193 
Time (b2·s . ) 
0.10 
10. 0 
22 . 0 
30.0 
50. 0 
72.0 
100. 0 
Time 
hrs. 
-
0.10 
3.00 
6 .25 
9.25 
12.00 
24.00 
Time 
hrs. 
0.10 
3.00 
6.25 
9.25 
12.00 
24.00 
(OX) X 102 
M.E .(g. 
3 .272 
3.014 
2.758 
2. 604 
2.504 
2.009 
Table 71 
Stoichiometry of the Oxidation of D-glucose at pH 2.1 
Analysis of Oxidant Loss 
Blank 
( OX) 0 -( OX) X 102 Correction* 
M.E./g. M.E./g . X 102 
0.258 
0.514 
0. 668 
0.768 
1.263 
Corrected Loss of (OX) 
M.E./g. X 102 
0.258 
0.514 
0. 668 
0.768 
1.263 * No blank correction 
100 ml. Buffer A 
Analysis of Reductant_ Lo_~s _______________ _ Weight of buffer = 131.210 g. 
Weight of chlorine water = 
100.000 g. 
Weight of glucose = 0.1068 g. 
Wt. Sample Klett 1/_8. ~ Loss in /)mol/g. BEams Reading Reductant Loss 
3.310 166 463(l) 
3.309 82 229 50. 6 1.30 
4.095 83 187 59.7 1.53 
4.470 68 140 69.8 1.80 
4.228 53 116 75.0 1.93 
4.626 19 38 91.8 2.36 
(l) Taken equal to the prepared concentration. 
['I) 
\J1 \:11• 
Time 
( hrs.) 
0.10 
0.75 
2.00 
4.35 
8.00 
17.10 
23.00 
Time 
( hrs.) 
0.10 
0.75 
2.00 
4.35 
8.00 
17.10 
23.00 
(OX) X 102 
M.E./g. 
4.167 
4.034 
3.887 
3.583 
3.154 
2.343 
1.979 
Wt. Sample 
Grams 
2.547 
3.443 
3.065 
3.038 
4.030 · 
3.'9:56 
6.127 
Table 72 
Stoichiometry of the Oxidation of D-glucose at pH 2.8 
Analysis of Oxidant Loss 
Blank 
(OX) 0 -(0X) x 102 Correction* 
M.E./g. M.E./g. x 102 
0.133 
0.280 
0.584 
1.013 
1.824 
2.188 
Analysis of Reductant Loss 
IUett ~ Loss in 
Readins; 'f Ls;. Reductant' 
172 646(l) 
212 589 8.8 
147 459 28.9 
119 375 42.0 
109 259 59·9 
46 111 82.8 
57 89 86.2 
Corrected Loss of (OX) 
M.E./g. X 102 
/ 'mol/g . 
Loss 
0.339 
1.06 
1.53 
2.17 
3.00 
3.12 
0.133 
0.280 
0.584 
1.013 
1.824 
2.188 
* No blank correction 
50 ml. buffer C; 50 ml. ISC 
Weight of Buffer= 125.740 g. 
Weight of Chlorine Water = 
99.835 g. 
Weight of Glucose = 0.1466 g. 
(1) Taken equal to the prepared concentration. 
1\) 
\Jl 
'0\ 
Table 73 
Stoichiometry of the Oxidation of D-glucose at pH 4.6 
Analysis of Oxidant Loss 
(ox) x 102 
Blank 
Time (OX) 0 -(0X) X 102 Correction* Corrected Loss of (OX) 
(hrs.} M.E.Lg. . M.E.Lg. M.E.Ls x 1if M.E.Ls~ x 1o2 
0.10 3.767 
1.77 3.511 0.256 0.027 0.229 
4.50 3.159 o.6o8 o.o67 0.541 
7.75 2.765 1.002 0.116 0.886 
1~· .20 2.o68 1.699 0.213 1.486 
22.75 1.538 1.229 0.341 1.888 
30.00 1.210 2.557 0.450 2.107 
41.95 0.807 2.960 0.630 2.330 
Anal~sis of Reductant Loss 
Time Wt. Sample Klett 
oLs. % Loss in 7-moljg. (hrs.} Grams Reading . Reductant Loss 
0.10 3.626 288 640(1) 
1.77 3.440 227 532 16.9 0.600 
4.50 4.259 282 534 16.6 0.589 
7.75 4.409 267 488 23.8 0.844 
14.20 4.262 173 327 48.9 1.74 
22.75 4.577 175 308 . 51.9 1.84 
30.00 4.136 157 3o6 52.2 1.86 
41.95 4.399 150 275 57.0 2.03 
(1) Taken equal to the prepared concentration 
50 ml. Buffer G; 50 ml. ISH 
Weight of Buffer = 122. 7 45 g. . 
Weight of Chlorine Water = 99.905 g . 
Weight of Glucose = 0.1427 g. 
* Based on oxidant loss of 
k ;:: 1.5 X 10-4 M.E. 
g/hr 
~ 
-..jo 
Table 74 
Stoichiometry of the Oxidation of Glucose at pH 6.3 
Anal;y:sis of Oxidant Loss 
Blank 
Time (OX) x lo2 (OX) 0 -(0X) X 102 Correction* Corrected Loss of (OX) (hrs.) M.E./g. M.E./g. M.E./g X lo2 M.E./g. x llf 
0.10 5 .164 
1.00 4.672 0.492 0.164 0.328 
4.27 3·310 1.854 0.468 1.394 
t;;.oo 2.807 2.357 0. 52!~ 1.841 
10.42 1.926 3.238 0.609 2.637 
13 .05 1.629 3·535 0.930 2 .913 
19.50 1.028 4.1)6 0.652 3.492 
23.77 0.803 4. )61 0.657 3.718 
29 .77 0.573 4.591 o.66o ).945 
Anal;'[sis of Reductant Loss 
Time lvt. Sample Klett 
_(;g. % Loss in )1-mol/g . (hrs . ) Grams Reading Reductant Loss 50 ml. Buffer Mj 50 ml. ISD 
580(l) Height of Buffer = 123.025 g . 0.10 4.777 247 - - Weight of Chlorine Water = 99.945 g. 
1.00 4.095 160 ~-38 24.5 0.789 Height of Glucose = 0.1296 g. 
4.27 4.950 158 354 39.0 1.26 
6.00 4.432 130 329 43.2 1.40 * Based on an oxidant l oss of 
10.11.2 3·532 79 250 56.9 1.8 2 
13.05 3.179 63 220 62.1 2.0 k = 14.7 g 
19.50 4.141 70 190 67.3 2.2 (M.E. )
2 
- hr. 
23.77 4.611 64 160 72.4 2.3 
29.77 4.938 79 180 69.0 2 .2 
(l) Taken equal to the prepared concentration. 
~ 
CP 
Time (ox) x 1o2 
(hrs.) .M.E./g. 
0.10 3.433 
3.00 3.219 
5.80 3.154 
9.30 3 .1!1.8 
13.50 3.096 
21.50 2.918 
3().00 2.597 
!~8 . 00 2. )86 
59.00 2.109 
72.00 1.754 
Time Wt. Sample 
(hrs.) Grams 
0.10 2.992 
3.00 3.788 
5.80 3.573 
9. 30 3.627 
13.50 3.853 
21.50 3.273 
3() .00 3·378 
48.00 3.245 
59.00 3. 456 
72.00 3.259 
Table 75 
Stoichiometry of the Oxidation of Methyl- Jx; -D-Glucoside at pH 2.1 
Analysis of Oxidant 
Blank 
(OX) 0 -(0X) x loF 
M.E./g. 
Correction* Corrected Loss of (OX) 
M.E./g X leE M.E./g. x 102 
0.214 
0.279 
0.285 
0.337 
0.515 
0.836 
1.047 
1.324 
1.679 
Analysis of Reductant Loss 
IQett v' %Loss-in -;mol/g. 
Reading _j[/g. Reductant Loss 
163 
182 
171 
171 
173 
145 
119 
89 
90 
72 
~·98( 1 ) 
439 
437 
430 
410 
404 
322 
250 
238 
202 
11.9 
12.2 
13.5 
17.7 
18.6 
35·3 
49.7 
52.3 
59.4 
0.304 
0.314 
0.350 
0.454 
0. 485 
0.907 
1.28 
1.34 
1.51 
0.214 
0.279 
0.285 
0.337 
0.515 
0.836 
1.047 
1.324 
1.679 
100 ml. Buffer A 
Weight of Buffer = 131.080 g. 
Weight of Chlorine Water= 100.310 g. 
Weight of Glucose = 0.1154 g. 
(1) Taken equal to the prepared concentration. 1\) \Jl 
\0 
Time (OX) ·x 102 
(hrs.) M.E./g. 
0.10 4.785 
3.00 ~- .588 
6 .00 4.434 
12.00 4.204 
24.00 3.666 
:;6 '.00 3.211 
~8.00 2.949 
Time Ht. Sample 
(hrs.} Grams 
0.10 3.073 
3.00 3.192 
6.00 3.293 
12.00 3·545 
24.00 3.312 
-"!;6.00 4.405 
48.00 4.500 
Table 76 
Stoichiometry of the Oxidation of Methyl-p(-D-Glucoside at pH 4.6 
Analysis of Oxidant Loss 
(OX}o:..(ox) ·x Hf 
_ M.E./g. 
0.197 
0.351 
0.581 
1.119 
1.574 
1.8)6 
Klett 
Reading 
156 
152 
162 
156 
197 
151 
138 
(f_g. 
556(l) 
521 
539 
482 
651 
376 
336 
Blank 
Correction* 
M.E./g x lif 
Corrected -Loss of (OX) 
M.E./g. x lif 
0.045 
0.090 
0.180 
0.360 
0.540 
0.735 
% Loss in · )Onol/g. 
Reductant · Loss 
5.4 0.180 
2.3 
12.6 0.381 
32.0 0.927 
39.2 1.13 
0.152 
0.261 
0.401 
0.759 
1.034 
1.101 
100 ml. Buffer G 
Weight of Buffer = 115.520 g . 
Weight of Chlorine Water = 100.000 g. 
Weight of Glucose = 0.1036 g. 
*Based on an oxidant loss of 
k = 1.5 X lo- 4 M.E. 
g./hr. 
(1) Taken equal to the prepared concentration 
~ 
0 
Time (ox) x 1if 
(hrs.) M.E./g. 
0.10 5.261 
3.00 4.616 
6.00 4.051 
12.00 3.243 
24.00 2.197 
30.00 1.826 
36.00 1.541 
48.00 1.107 
,_ 
Time Wt. Sample 
(lirs.) Grams 
0.10 3·654 
3.00 3.235 
6.00 3.191 
12.00 3.425 
24.00 3.373 
30.00 4.982 
36.00 5.173 
48 .00 4.805 
Table 77 
StoichiometlJr of the Oxidation of Methyl-~ -D-Glucoside at pH 6.3 
Analysis of Oxidant Loss 
Blank 
(OX) 0-(0X) x 102 Correction* 
M.E./g. M.E./g x loF 
0.645 
1.210 
2.018 
3.o64 
3.435 
3.720 
4.154 
0.623 
1.057 
1.643 
2.245 
2.338 
2.392 
2.457 
Analysis of Reductant Loss 
Corrected Loss of (OX) 
M.E./g. x 102 
0.022 
0.153 
0.375 
0.819 
1.097 
1.328 
1.697 
Klett - v. %-Loss in ;umol/g 
Reading 6/g. Reductant Loss 
165 489(l) 
- -
119 398 18.6 0.469 
109 370 24.5 0.613 
109 344 29.5 0.747 
91 292 40.3 1.01 
125 272 44.5 1.12 
122 255 47.7 1.20 
96 216 55.7 1.41 
50 ml. Buffer M; 50 ml. ISD 
Weight of Buffer = 123.o60 g. 
Weight of Chlorine Water = 100.000 g. 
Weight of Glucose = 0.1091 g. 
*Based on an oxidant loss of 
' ' -
g2 k = 14.7 2 (M.E.) -hr. 
(l) Taken equal to the prepared concentration. 
ffi 
tj' 
Time - (OX) -x-lif 
(hrs.) M.E./g. 
0.1 
3.0 
6.0 
12.0 
24.0 
36.0 
48.0 
Time 
(hrs.) 
0.1 
3.0 
6.0 
12.0 
24.0 
36.0 
48.0 
3.239 
3.137 
3.077 
2.872 
2.504 
2.183 
1.902 
Wt. Sample 
Grams 
5.111 
4.567 
4.334 
4.223 
4.515 
4.890 
4.575 
Table 78 
Stoichiometry of the Oxidation of Methyl-j1 -D-Glucoside at pH 2.1 
Analysis of Oxidant Loss 
Blank 
(OX)0 ;.:; (ox) - x 1if 
M.E./g. 
Correct i on* Cor rected Loss of (-ox) 
M.E./g X lo2 M.E./g. X 102 
An 
Klett 
0.102 
0.162 
0.;67 
0.735 
1.0~6 
1.337 
sis of Reductant Loss 
.. ;;; - ro Loss in 
Reading _O.._f ' w.g. Reductant 
135 
138 
99 
82 
50 
36 
22 
436(l) 
498 
378 
320 
182 
122 
79 
13.3 
26.6 
58.2 
72.0 
81.8 
_)ktnolfg. 
Loss 
0.299 
0.598 
1.31 
1.62 
1.84 
0.102 
0.162 
0.367 
0.735 
1.056 
1.337 
*No blank correction 
100 ml. Buffer A 
Weight of Buffer = 131.220 
Weight of Chlorine Water = 99.885 
Weight of Glucose = 0.1009 
(1) Taken equal to prepared concentration 
1\) 
0\ 
[\) 
Time 
(hrs . ) 
0.10 
) .10 
6.00 
14.00 
)6 . 00 
48.00 
Time 
(hrs . ) 
0_.10 
3.10 
6.00 
14 .00 
36 .00 
1~8 .00 
2 (OX) x 10 
M.E. /g. 
5.o65 
4.812 
4.588 
4.o69 
).0)8 
2.639 
Wt. Sample 
Grams 
5.199 
4.395 
4.344 
4.117 
4.386 
4.166 
Table 79 
Stoichiometry of the Oxidation of Methyl-;6 -D-Glucoside at pH 4.6 
Anal;ysis of Oxidant Loss 
Blank 
X 102 (OX) 0 - (OX) Corrected Loss of (OX) Correction·* 
M.E. /g X 102 M.E./g M.E./g . X 102 
0.253 0.045 0.208 
0.477 0.090 0.387 
0.996 0.210 0.786 
2.027 0.540 1.487 
2.426 0.720 1. 7o6 
Analysis of Reductant Loss 
Klett v. %- Loss in --;tmo17 g . 
Reading U/g . Reductant · Loss 
294 556(l) 
239 536 3.6 0.103 
217 493 11.4 0.325 
129 308 44.4 1.28 
115 258 53 .1 1.54 
90 212 61.6 1.77 
100 ml . Buffer G 
Weight of Buffer = 115.410 g . 
Weight of Chlorine Water = 99.945 g. 
Weight of Glucose = 0.1197 g 
*Based on oxidant loss of 
k = 1.5 X 10-4 M.E. 
g-hr 
(1) Taken equal to prepared concentration. 
fll), 
& 
Table 8o 
Stoichiometry of the Oxidation of Methyl~ -D-Glucoside at pH 6.3 
Anal~sis of Oxidant Loss 
(OX) X 102 
Blank 
Ti:rne ( OX) 0 -( OX) X 102 Correction* Corrected Loss of (OX) 
(hrs. ) !>i_.E./g. M.E./g. M.E./g X lif (M.E./g. X lo2) 
0.10 5.263 
) .10 4.450 0. 813 0.643 0.170 
6.00 3.837 1.426 1.019 0. 407 
14.00 2.661 2.602 1.683 0.919 
24.00 1.847 3.416 1.960 1.456 
:;6.00 1.250 4.013 2.071 1.942 
48.00- 0.872 4.391 2.105 2.286 
Anal~sis of Reductant Loss 
Time Wt. Sample Klett 
YLg. 
% Loss in ) tmolf g . 
(hrs.} Grams Reading Reductant · Loss 
0 .10 5· B58 197 502(l) 
3.10 4.447 144 442 12.3 0.)09 50 ml. Buffer Mj 50 ml. ISD 
6.00 4.756 140 4oo 20.3 0.526 Weight of Buffer = 122.820 g. 
14.oo 5.264 111 288 42.9 1.09 Weight of Chlorine Water = 99.950 g. 
24.00 4.286 65 2o6 59.0 1.53 Weight of Glucose = 0.1119 g. 
:;6.00 4.120 54 178 64.5 1.67 
48.00 4. 365 41 128 74.5 1.93 *Based on an oxidant loss of 
k = 14.7 g.2 
(M.E. )2 -hr. 
(1) Taken equal to the prepared concentration 
1\). 
0\. 
+=-
Table 81 
Stoichiometry of the Oxidation of Isopropyl~-D-Glucoside at pH 2.1 
Anal~sis of Oxidant Loss 
102 
Blank 
Time (OX) X 102 (OX) 0 -(0X) X Correct ion-li:· Corrected Loss of (OX) 
(hrs.) M.E ./g. M.E./g. ~.E./g X 102 M.E./g. X lo2 
0 .10 3.210 
3.0 3.014 0.196 - 0 .196 
6.0 2.876 0.334 - 0 . 334 
12.0 2.503 0.707 - 0.707 
24.0 1.712 1.498 - 1 . 498 
36 .0 1.010 2.200 - 2 .200 
48.0 0 . 448 2.762 - 2.762 
Anallsis of Reductant Loss 
Time Wt. Sample Klett Qlg. !fa Loss in ;<mol; g. {hrs. ~ Grams Reading Reductant Loss 
0.1 4.887 180 466(l) - - *No blank correction 
3.0 4.525 136 380 18.4 0 . 388 100 ml. Buffer A 
6.0 4.936 107 276 41.2 0 .855 Weight of Buffer = 131 .200 g. 
12.0 4.464 62 i75 62 ~· 3 1.31 Weight of Chlorine Water = 99.900 g. 
24.0 4.625 23 63 86.6 1.81 Weight of Glucose = 0.1077 g . 
36 .0 4.566 5 14 96 .8 2 . 04 
48.0 4.929 a 5 98.8 2.08 
(l) Taken equal to the prepared concentration 
1\), 
&: 
Time (ox) x 1o2 
(hrs.) M.E./g 
0.10 4.310 
3-00 4. 084 
6.00 3.897 
12.00 3.568 
26.00 2.879 
36.00 2.487 
LJ.8.oo 2.114 
Time Wt. Sample 
(hrs.) Grams 
0.10 4.019 
3.00 4.364 
6.00 4.288 
12.00 4.644 
26.00 4.932 
36.00 4.o6o 
48.00 ).851 
Table 82 
Stoichiometry of the Oxidation of Isopropyl~ -D-Glucoside at pH 4.6 
Analysis of Oxidant Loss 
(OX) 0 -(0X) x 1o2 
M.E./g 
0.226 
0.413 
0.742 
1.431 
1.823 
2.196 
Blank 
Correction* 
M.E. /g X 102 
0.045 
0.090 
0.180 
0 . )90 
0.540 
0.735 
Analvsis of Reductant Loss 
Klett y % Loss in polj g. 
Reading ~~ Reductant Loss 
198 
189 
178 
186 
:1.50 
lOB 
94 
552(1) 
485 
466 
450 
~42 
298 
274 
12.0 
15.8 
18.7 
43.9 
47. 3 
50.5 
0.302 
0. 387 
0.460 
0.945 
1.14 
1.25 
Corrected Loss of (OX) 
M.E . /g. X 102 
0.181 
0.323 
0.562 
1.041 
1.283 
1.461 
100 ml. Buffer G 
vTeight of Buffer = -115.570 
Weight of Chlorine Water = 99.880 g . 
Weight of Glucose = 0.1189 g. 
Based on an oxidant loss of 
k = 1.5 X 10-4 M.E. 
g-hr 
(1) Taken equal to the prepared concentration 
1\), 
~· 
Ti1ne (OX[ .X 102 
~hrs.) t!:_E./g. 
0.10 4.970 
3.00 4.298 
6.00 3·735 
12.00 2.859 
26.00 1.683 
36.00 1.200 
48.00 0.826 
- -
Time - Wt. Sample 
(hrs.) _Qrams 
0.10 4.901 
3-00 4.423 
6.00 3·999 
12.00 5.202 
26.00 4.446 
36 .00 5.276 
48.00 4. 331~ 
Table 83 
Stoichiometry of the Oxidation of Isopropyl~~ -D-Glucoside at pH 6.3 
Analysis of Oxidant Loss 
Blank 
( OX) 0 -( OX) x lo2 
M.E./g. 
Correction* 
M.E./g. X 102 
Corrected Loss of (OX) 
(M.E./g. x lo2 
0.672 
1.235 
2.111 
3.287 
3.770 
4.144 
0.524 
0.875 
1.333 
1.815 
1.885 
1.948 
Analysis of Reductant Loss 
KJ:ett - % Loss in j)-mo1fg . 
Reading OJg . Reductant Loss 
195 
150 
116 
121 
So 
78 
51 
487(1) 
415 
356 
285 
220 
181 
144 
14.7 
27.1 
41.6 
55·3 
62.8 
70.4 
0.324 
0.590 
0.910 
1.20 
1.38 
1.55 
0.148 
0.3()0 
0.778 
1.472 
1.885 
2.192 
50 ml. Buffer M; 50 ml. ISD 
Weight of Buffer = 123.200 g . 
Weight of Chlorine Water = 99.910 g. 
Weight of Glucose = 0.1086 g . 
*Based on ao Q~~d~~t loss of 
(1) Taken equal to the prepared concentration k = 14.7 g.2 
(M .E. )2-hr. 
1\) 
0\ 
--.:]: 
Table 84 
Stoi chiometry Values for D-Glucose 
pH 2 .1 pH 2. 8 
Ti me M. E. (ox) Time M. E . (Ox ) 
hrs . m .. rnoles reductant hrs. mrnoles reductant 
0 .10 0 .10 
3 . 00 2 . 0 0 .75 3 0 • 7 
6 .25 3 . 4 2.00 2. 6 
9 . 25 3 . 7 4 . 35 3 . 8 
12 . 00 4. 0 8 . 00 4.7 
24 . 00 5 . 4 17.10 6 .1 
23.00 7 .0 
pH 4 .6 pH 6 . 3 
Time M. E . (ox ) Time M. E . {oxJ 
hrs . mmoles reductant hrs. mmoles r eductant 
0 .10 0 .10 
1.77 3 . 8 1.00 l~ .2 
4.50 9 . 2 1~ .27 11.0 
7-75 10 .5 6 . 00 13.0 
14 .20 8 .5 10.42 14-
22 .75 10.2 13.05 11~ 
30 . 00 11.3 19 .50 16 
41.95 11.5 23.77 16 
29 .77 18 
Ti me 
hrs . 
0.10 
3. 00 
5. 80 
9. 30 
13. 50 
21.50 
36.00 
~.8 . 00 
59.00 
72 . 00 
Tab le 85 
Stoichiometry Values for Methyl - d -D- gl ucos i de 
pH 2.1 
M. E . (Ox) 
mmoles reductant 
7. 0 
8.9 
8.1 
7. 4 
10.6 
9.2 
8.2 
9-9 
11.1 
Ti me 
hrs . 
0.10 
3.00 
6.00 
12 . 0 
24 .. 0 
30 . 0 
36. 0 
48.0 
pH 6. 3 
Time 
hrs . 
0.10 
3.00 
12.00 
36 .00 
48.00 
M. E . (Ox ) 
nm1ol es reductant 
0.5 
2. 5 
5.0 
8.1 
9. 8 
11.1 
12 .0 
pH 4.6 
M. E . (Ox ) 
rmnoles reductant 
8.4 
10. 5 
11.2 
9.7 
Time 
hrs . 
0.1 
6.0 
12.0 
24 . 0 
36 . 0 
48. 0 
Tabl e 86 
Stoichiometry Values for Methyl-~ -D-glucoside 
pH 2.1 
M. E. (Ox) 
mmo1es reductant 
5.4 
6.1 
5.6 
6.5 
7-3 
Time 
hrs . 
0.10 
3.10 
6.00 
14-.00 
24.00 
36.00 
48.00 
pH 4.6 
Time 
hrs. 
0.10 
3.10 
6. 00 
14.00 
36 . 00 
48.00 
pH 6.3 
M. E. (ox) 
n~oles r eductant 
5·5 
7-7 
8.4 
9.5 
11.6 
11.8 
r-1. E. (ox) 
rmnole s reductant 
20.8 
11.9 
6.1 
9.6 
9.6 
Time 
hrs . 
0.1 
3.0 
6.0 
12. 0 
24 . 0 
36. 0 
l~-8 . 0 
Table 87 
Stoichiometry Val ues for Isopropyl 'J' -D-Glucoside 
pH 2.1 
M. E . (ox) 
r.~oles reductant 
5.1 
3.9 
5. 4 
8 .3 
10 .8 
13 . 3 
Time 
hrs . 
0.10 
3. 00 
6. 00 
12 .00 
26. 00 
36 .00 
48.00 
pH 
Time 
hrs . 
0.10 
3.00 
6.oo 
12.00 
26. 00 
36 .00 
48 .00 
pH 6. 3 
M. E . (ox) 
1mnol es reductant 
4:6 
6.1 
8.5 
12 . 3 
13 .6 
14.2 
4. 6 
r.f. E. (Ox ~ 
nunoles reductant 
6.0 
8 . 4 
12 .2 
11.0 
11.3 
11.7 
271 
Table 88 
~12 for Glucose and its Derivatives 
Substrate 
glucose 
methyl- 0{ -D-glucoside 
methyl-~-D-glucoside 
isobutyl} -D-glucoside 
isopropyl-~-D-glucoside 
2 X lQ-3 
4.4 X lQ-4 
19 x 10-4 
14 X 10-4 
pH 
272 
4.6 
2 X 10-2 
Table 89 
~OCl for Glucose and its Derivatives 
Substrate 
glucose 
methyl- q -D-glucoside 
methyl-,i-D-glucoside 
isobutyl-; -D-glucoside 
isopropyl} -D .. glucoside 
2.1 
7 X 10-4 
3 X 10- 5 
4 x 10-4 
pH 
4.6 
2 X 10-4 
2 x 10-4 
4 X 10-4 
273 
6 
8 X 10-4 
1 X l0-4 
1 X 10-4 
5 X 10-4 
0.3 X 10-4 
. Table 90 
Cl2 HOCl kOAc- and kQAc- for Glucose and its Derivatives 
Substrate 
glucose 
methyl-o(-D-glucoside 
methyl-) -D-glucoside 
isobutyl-} -D-glucoside 
isopropylt -D-glucoside 
2 X l0-2 
-28 X 10-5 
7 X 10-s 
274 
HOCl 
kOAc-
7 X 10-4 
5 X 10-5 
2 X 10-4 
2 X 10-4 
2 X 10-4 
Table 91 
Cl2 HOCl . kc1- and kcl- for the Glucos1des 
Substrate 
methyl-p(-D-glucoside 
methyl~ -D-glucoside 
isobutyl-,/3 -D-glucoside 
14 x 10-s (pH 2.1) 
-5 X 10-5 (pH 4.6) 
7 X lQ-4 (pH 4.6) 
16 x lQ-4 (pH 2.1+4.6) 
isopropyl~} -D-glucoside 9 x 10-4 (pH 2.1+4.6) 
kHOCl c1-
23 x lo-s (pH 2.1) 
24 x lo-s (pH 4.6) 
2 X 10-5 (pH 6) 
-3 X 10-4 (pH 4.6 ) 
-4 X 10-4 (pH 6) 
275 
-6 X 10-4 (pH 2.1+4.6) 
-2 X 10-4 (pH 6) 
-3 X lQ-4 (pH 2.1+4.6) 
-5 X 10-4 (pH 6) 
GLOSSARY 
"glucono - ~·-lactone " - an eq_uilibr at ed mi xture of this substance under the 
particular conditi ons of the experiment . 
Ka 
Kc 
y+ 
c( 
J 
k ' 
G 
B. s . 
B. R. 
n 
(concentration)0 
(Ox ) 
k 
Buffer 
thermod~~c eq_uilibri ma constant 
- concentration eq_uilibri ma constant 
- mean activit y coeffi c i ent 
- t he fraction of ' a ct i ve ' chlorine present a s HOCl 
- the fract i on of HOCl and OCl- present as HOCl 
-a ~ate constant corrected for the presence of OCl-
- t he concent rat i on of reductant i n mol es/liter 
- the concentrat ion of buffer sal t in moles/liter 
- t he ratio of t he aci d cmrrponent of the bl~fer to 
t he basi c cor«ponent 
- order in substrate 
- catalyti c constant for the oxidant 
- Lmcatal yzed rate constant 
- i niti a l concentration 
(a ) followi ng the r at e constant val ues i ndi cates 
the second order rate constant 1-1-as det ermi ned 
from pseudo zero order kinetics . 
(b ) f ollmling the nm nmnber indi cates t hat a 
10 ml . syringe vras used i nst ead of a 100 ml. 
- oxidant concentration in millieq_uivalents/gram 
- ionic strength in moles/liter 
second order rate constant in liters/mole-second 
- usually followed by a code symbol; sometimes 
followed by a number indicating the measured 
pH of the solution. 
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ABSTRACT 
This work was undertakn to extend the know·ledge of 
chl orine water oxidations of carbohydrates in the acid range. 
The simplest models of cellulose, namely D-g lucose and alkyl-
/-D-glucosides, w·ere used as reductants. The oxidation of 
glucono - d-lactone has also been studied. Reductants w·ere 
always present in great excess. The reaction vessel was a 
hypodermic syringe w·i th an adapter. This vessel prevented 
the loss of chlorine through volatilization. Samples w·ere 
periodically withdrawn, quenched and titrated. Specific rates 
of reaction w·ere determined from the data. In all cases where 
the rate constant increased with time, the slope was deter-
mined from the initial portion of the run. The reaction is 
f irst order in oxidant and reductant for all substrates ex-
cept methyl-~ -D-g lucoside. Methyl- _II( -D-glucoside exhibits a 
ze r o order dependence on the oxidant concentration and a vari-
able order ( 0 ~ n '- l) in reductant. 
The specific reaction rates for molecular chlorine and 
hypochlorous acid oxidations of all substrates have been 
obtained and are recorded below·. The separation of catalytic 
(generali zed base and nucleophilic) effects related to chl orine 
and hypochlorous acid was realized, Specific and general i zed 
acid catalysis w·ere proved to be absent in the case of D-g lucose . 
In general , specific and general ized acid catalysis was assumed 
to be negligible in the oxidation of all substrates. Hypo -
chlorite ion proved to be a potent catal yst - more effective 
than the Brons ted catalys is law w·ould indicate. The sole 
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'except i on to gen e ral ized base cat a l y si s was ob t a i ned u s i ng 
g l ucono - J' - lactone as sub strat e . The oxi d a t i on of t h i s sub -
strat e was i nhi b i ted b y the p re sence of mon ohydrogen phosphate 
i on . 
Substrate 
g l ucose 
me thyl - ~-D-glucos ide 
methyl - _/3 - D-g l ucos i de 
i sobutyl-;8- D- g l ucos ide 
isopropyl-~-D-glucos ide 
Substrate 
g l ucose 
me thyl - o(·-D-g l ucos ide 
me thyl-~-D-g lucos ide 
i sobu tyl-j3 -D- glucos ide 
i s opropyl-~ -D-glucos ide 
Substrate 
methyl - ~-D-glucos ide 
me t hyl-; -D- g lucos ide 
i sobutyl - j3 - D-g lucos ide 
i sopr :Jpy l -,13 - D- g l ucos i de 
k a cl2(1) 
p H 2 . 1 
2xlo-s 
2 . 8xlo-s 
4 . 4xl0- 4 
2xl0 - 3 
1 . 4xl0- 3 
Cl2( 2 ) 
k oAc -
2xl0 - 2 
- 2. 8xl0-4 
3xlo - s 
(5x l0- 3 ) 
(6.6x lo - s) 
Cl:2 ( 2 ) 
k c1-
lxl0- 4 
7 x l0 - 4 
2xlo-s 
9xl0 - 4 
k
0
H0Cl(l) 
pH 2 .1 pH 4 . 6 pH 6 
', 7 x l0 - 4 2x l0-4 Bxl0 - 4 
3 . 3xlo - s 1.5x10-4 1 . 4xl0 - 4 
3 . 7x l0-4 · l x l0 - 4 
3 . 8xl0 - 4 5x l0-4 
1. 4xl0 - 4 3xlo-s 
HOCl ( 2 } 
k oAc 
7 x l0 - 4 
5x lo-s 
2xl0 - 4 
( 2xl0 - 4 )J b a s ed on est i mated 
r at i o of Cl2 HOCl 
( 2xl0-4 ) k OA c - k OAc -
HOCl ( 2 ) 
k cl-
2xl0- 4 
- 3xl0 - 4 
- 4x l0- 4 
- 4xl0-4 
The pseudo zero orde r b e h a v i or i n oxida n t expe rienced with 
methyl - o\-D- g l ucos i de i s expl a i ned on the basis of tw·o consecut i ve 
(1) lit e r / mol e - secon d 
( 2 ) liters 2/mol e 2 - s e cond 
reactions with the second reaction being very rapid relative 
to the first. Thus a rate expression was derived which ex-
plained the k inetics, i.e., 
v = k (Ox)o (G) 
where (Ox )o = initial oxidant concentration 
(G) =methyl- ~-D-glucoside concentration. 
The oxidat ion of this substrate is slow in comparison with D-
g lucose and the alkyl;t3-D-glucosides. These data in addition 
to the stoichiometry data support the above conclusion that the 
second reaction is much faster than the first. The reaction was 
also found to be susceptible to chloride i on catal ys is. 
The presence of chloride ion w·as found to inhibit the oxi-
dation of methyl-,}-, isobutyl~ -, and is opropyl~ -D-glucoside 
by hypochlorous acid. This is a distinct difference from the ~ 
anomer and suggests a change in mechanism. 
The differences in rate and catalytic constants for the 
~-glucosides are small and suggest that the structure of the 
aglycon does not influence the rate of oxidation. 
The stoichiometry values determined under conditions of 
excess oxidant have been determined for D-glucose (pH 2.1, 2.8, 
4.6 and 6.3), methyl-o{-D-glucoside, methyl~-D-glucoside and 
isopropyl-;6 -D-g luc os ide, all at pH 2.1, 4. 6 and 6. 3. Lowest 
values of equivalents of oxidant consumed per mole of reductant 
are obtained in the regions of highest acidity. 
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